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PREFACE  TO  SECOND  EDITION. 


A  second  edition  having  become  necessary  within  a 
year  of  the  appearance  of  the  first  edition,  it  is  un- 
necessary to  say  more  than  that  the  work  has  been 
carefully  re-edited  and  brought  up  to  date.  The 
authors  are  much  indebted  to  Dr.  D.  N.  Nabarro  for 
his  advice  and  assistance  in  the  preparation  of  the 
chapter  on  The  Contagia  and  Communicable  Diseases. 

L.  C.  P. 
H.  R.  K. 
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PREFACE  TO  FIRST  EDITION. 


The  book  of  the  same  title  as  the  present  one,  of  which 
one  of  us  was  the  author,  having  run  through  five 
editions  in  the  space  of  ten  years,  has  been  taken  as 
the  basis  of  the  present  work.  The  great  advance  in 
the  science  of  hygiene  during  the  past  decennium  has 
necessitated  practically  the  recasting  of  the  older  book, 
the  modification  of  certain  matter  therein  contained, 
and  the  addition  of  much  new  matter.  It  has  been 
the  aim  of  the  authors  in  the  present  work  to  give 
in  a  condensed,  though  readable,  form  the  essential 
principles  of  the  science  of  hygiene  and  the  more  impor- 
tant facts  in  Public  Health  Administration.  The  book 
is  more  especially  designed  for  those  members  of  the 
medical  profession  who  are  studying  for  the  various 
Public  Health  Diplomas,  but  we  trust  it  may  serve  as 
a  handy  guide  to  the  profession  generally  upon  those 
topics  which  are  connected  with  the  Public  Health 
aspects  of  their  work.     For  the  cotLveaveoic.^  c>\  ^v^Ocv 
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as  may   become    readers,  we  have 

Iar  as  possible  to  convey  information 
irally  understood  terms  and  the  avoid- 
ph  are  only  of  technical  application. 
'  Sanitary  Law  and  Administration  is 
i  condensed,  but  it  is  designed  to 
pt  knowledge  of  the  subject  to  meet 
of  the  majority  of  readers,  and  to 
X  to  obtain  an  intelligent  grasp  of  the 
ptaiJs  of  Public  Health  work  as  can  ■ 
led  in  a  chemical  or  bacteriological 
it  included  in  the  present  work,  as  we 
kt  this  important  branch  of  the  subject 

ftorily  dealt  with  m  a  small  general 
Health,  and  several  excellent  labora- 
E>w  is  circulation. 
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CHAPTER    I. 


WATER. 

Water  is  a  prime  necessity  of  life.  Without  it,  terres- 
trial animal  and  vcgctaMc  life  must  cease  to  exist. 
The  earliest  settlements  in  all  countries  were,  therefore, 
made  in  the  neighbourhood  of  water.  Towns  and 
villages  sprang  up  on  the  banks  of  streams  and  rivers, 
on  the  shores  of  lakes,  and  in  the  neighbourhood  of 
springs;  or  water  was  obtained  from  the  soil  around 
these  early  settlements  by  shallow  excavations  or  wells. 
In  modern  times,  sites  for  dwellings  are  not  necessarily 
limited  to  a  small  area  around  a  natural  source  of  water. 
Our  engineering  knowledge  enables  us,  on  tlie  one 
hand,  to  olUain  water  by  means  of  wells  and  borings 
from  great  depths  beneath  the  surface  of  the  earth,  and 
I  on  the  other,  to  convoy  water  from  great  distances  by 
!  means  of  conduits  to  the  places  where  it  is  required. 

This  latter  method  was  well   known  to   the  ancient 

[■Romans,  many  of  whose  aqueducts  and  reservoirs  are, 

t  after  the  lapse  of  many  centuries,  still   standing   and 

serve  to  fullil  their  original  purpose,     in  Rome  the  total 

I  supply  per  head  was  certainly  not  less  than  300  gallons 

daily  for  a  population  of   about   1,000,000  people,  the 

greater    portion   of    this    vast    supply   of    water   being 

required  for  public  baths  and  fountains. 

London  is  an  instance  of  a  settlement  fo\Mi.dt5i  Wise:cv- 
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river,  and  spreading  subsequently 
ourhood  of  the  river  only  in  tliose 
water-bearing   gravel  overlaid    tlie 
b  clay.     The  bed  of  gravel  being  of 
—  lo  to  30  feet— water  was  easily 
xcavations  or  wells;  whilst  at  some 
d  out  where  the  gravel  terminated, 
lywoll,  and  Clerkenwell.      Seventy 
London  wliere  the  clay  came  to  the 
are  now  densely  populated,  nwing  to 
of  a  public  water  supply,  were  quite 

to  believe  that  the  ancient  Egyptians, 
(  from  a  remote  antiquity,  obtained 
^epths  l>eIow  the  surface  of  the  earth 
ian  wells,  the  water  flowing  out  at  the 
dl ;  but  the  practice  of  making  deep 
of  water  was  not  introduced  amongst 
ttntil  comparatively  recent  times. 

Tatisr — Collection  and  Storage. 

p-ces  of  water  arc  the  rain  .-vnd  sm 
Surface  of  the  earth.     When  the  r 
lirf.ice  of  the  ground,  it  is  dispose 
ways:    a   ]x>ition    {a)    is   cvapor- 
{b)  flows  ofT  in   the   direction  r 
k  suiface;   whilst  a  third    port 
icrjlatcs  through  the  interstices 
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WATER 


into  the  soil  or  percolaits.  If,  however,  the  inclination  of 
the  surface  is  great  and  the  soil  is  not  porous,  but  more 
or  less  impermeable  to  water,  the  greater  portion  of  the 
unevaporated  rain  flows  down  the  incline.  It  is  this 
portion  which  forms  or  helps  to  swell  the  brooks,  streams, 
and  rivers,  which  are  the  natural  drainage  channels  of 
thi;  locality.  In  very  porous  soils,  such  as  pure  sand  or 
coarse  gravel,  the  rain  so  rapidly  sinks  into  the  inter- 
stices of  the  soil  that  the  evaporation  even  in  summer  is 
but  slight.  In  nearly  all  other  soils,  however,  the 
amount  of  rain  evaporated  greatly  exceeds  the  percola- 
tion, even  in  winter. 

The  portion  that  percolates,  after  a  certain  deduction 
that  must  be  made  for  the  moisture  absorbed  by  the 
roots  of  vegetables  and  grasses  growing  on  the  surface, 
and  which  is  subsequently  evaporated  from  their  leaves, 
helps  to  form  and  renew  the  underground  sources  of 
water.  These  are  made  available  to  man  by  natural 
outlets  as  springs,  or  by  artificial  tappings  in  their 
subterranean  depths  through  wells  and  borings. 
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Rainfall. 

The  rain  that  falls  on  the  roofs  of  houses  can  be  col- 
lected and  made  available  as  a  means  of  water  supply. 
To  calculate  the  amount  of  water  supply  per  head  from 
this  source,  we  must  know  the  amount  of  roof  space  per 
individual  (the  slope  of  the  roof  must  not  be  taken  into 
account,  but  merely  the  area  of  horizontal  surface  covered 
by  the  roof),  the  average  amoiait  of  yearly  rainfall,  and 
the  average  amount  of  evaporation  of  the  rainfall.  .\s 
the  roofs  of  houses  are,  or  should  be,  quite  impermeable 
to  water,  there  is  no  percolation  or  sinking  in  of  the 
fallen  rain. 

The  amount  of  yearly  rainfall  varies  considerably  io. 
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t  parts  of  England.  In  the  Eastern  Counties  the 
!  is  less  than  25  inches  per  annum.  Throughout 
lainder  of  England  the  average  is  from  30  to  40 
per  annitm,  with  very  much  larger  amounts  in  the 
inous  and  hilly  districts  of  Devonshire,  Wales, 
riand,  and  Westmorland  (60  to  200  inches  per 
1).  The  expression  "  an  inch  of  rainfall  "  implies 
le  cubic  inch  of  rain-water  has  fallen  upon  each 
inch  of  horizontal  surface. 

amount  of  evaporation  from  the  surfaces  of  roofs 

( taken  as  averaging  throughout  the  year  20  per 

f  the  rainfall.     The  evaporation  is  greatest  where 

nfall  is  least,  and  vice  vtrsa.      If  the  amount  of 

>acc  per  head  in  a  town  is  60  square  feet,  and  the 

I  30  inches  in  the  year,  deducting  one-fifth   for 

Ation,  207,360  cubic  inches  of  rain  (=  120  cubic 

r  74H  gallons)  is  the  amount   available  for  each 

n  in  a  year,  which  is  equal  to  about   two  gallons 

.     This  is  the  amount  available  from  the  rainfall  — 

ches — of  an  average  year.     It  has  been  found  from 

at  numlwr  of  records  of  rainfall  extending  over  a 

■erics  of  years  in  different  places,  that  the  rainfall 

e  driest  year  is  one-third  less  than  the  average  fall, 

;t  in  the  wettest  year  it  is  one-third  greater  than 

verage.    So  tliat  in  a  very  dry  year,  in  the  example 

palMjve,  the  amount  of  water  available  may  be  only 

illons  daily  per  head,  whilst  in  a  very  wet  year  ' 

be  2]  gallons. 

lin  is  also  sometimes  collected  from  prepared  s 
of  ground,  which,  together  with  the  storage  re 
or  tank,  should  always  t>e  railed  off  to  keep 
;  away.     The  surface  of  a  certain   area  of  I 
exposed  situation  is  rendered  impermeable  I 
ring   of    slates,    asphalte,  or   cement,  and    si 
rds  an  outlet  pipe  or  pipes  leadmg  to  a  ta' 
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reservoir.  In  estimating  the  amount  of  water  that 
can  be  obtained  from  such  a  surface,  calculations  may 
be  facilitated  by  remembering  that  one  inch  of  rain 
delivers  4'673  gallons  on  every  square  yard,  or  22,617 
gallons  (loi  tons)  on  each  acre. 

Rain,  as  it  leaves  the  clouds,  is  water  pure  and 
simple,  free  from  all  foreign  ingredients.  In  its  passage 
through  the  air  to  the  earth  it  may  collect  various 
impurities— gaseous  and  suspended.  The  rain  falling 
in  towns  is  found  to  have  absorbed  sulphurous  and 
sulphuric  acids,  always  present  in  the  air  of  towns 
from  combustion  of  coal  and  coal  gas,  and  to  contain 
numerous  sooty  particles. 

From  the  observations  made  at  Montsouris,  near 
Paris,  by  Dr.  Miquel,  it  also  appears  that  the  rain 
washes  out  of  the  air  countless  bacterial  and  fungoid 
organisms  and  their  spores.  The  rain  which  first  falls 
in  a  shower,  and  that  which  falls  after  a  period  of  dry 
weather,  contains  far  larger  numl)ers  of  bacteria  than 
that  which  falls  later  on  in  a  storm,  or  succeeds  the  first 
shower;  200,000  germs  per  litre  is  not  an  unusual  quan- 
tity under  the  first  set  of  circumstances.  During  the 
warm  months  of  the  year,  the  number  of  bacteria  in  the 
rain  are  greatly  in  excess  of  those  found  in  the  rain 
falling  in  winter  and  early  spring.  The  greater  number 
of  the  organisms  in  rain  are  micrococci.  All  the  organ- 
isms found  in  rain  exist  to  a  larger  extent  in  the  form  of 
spores  than  in  the  adult  state.  Besides  bacteria,  pollen 
of  grasses  and  flowers,  microscopic  plants  such  as  Proto- 
coccus  pliivtnlis,  and  spores  of  fungi  are  occasionally  found 
in  rain,  the  latter  being  on  rare  occasions  in  sufficient 
quantity  to  cause  a  localised  fall  of  what  is  known  as 
"coloured  rain." 

Rain  is  thus  seen  to  be  a  great  purifier  of  air,  for  it 
I  washes  out  of  it  gaseous  and   soUd  \TO^\\\\'C\e=>,w.^yi.\iNK- 
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inorganic.  For  this  reason  also  the  rain  which  falls 
he  impure  smoke  and  soot-laden  atmosphere  of  large 
ns  is  unht  to  drink. 

Vhen  roofs  are  used  as  collecting  surfaces  for  rain 
er,  the  first  portion  of  rain  which  falls  and  descends 
n  the  roof  should  be  rejected,  as  it  is  liable  to  be 
:h  polluted  with  soot,  vegetable  matter  (leaves),  and 
nal  matter  (excrement  of  birds,  iSrc.)  washed  off  from 
slates  or  tiles.    After  the  first  washing  the  remainder 
he  water  may  be  collected  and  stored.    Robert's  Rain 
Iter  Separator  efTects  this  purpose   by  allowing   the 
t  portion  of  water  that  passes  through  the  apparatus 
tin  to  waste  through  a  pip>e  at  its  base.    After  a  certain 
c  the  apparatus,  wliicli  is  balanced  on  a  pivot,  cants 
:r.  owmg  to  its  centre  of  gravity  being  altered  as  one 
its  compartments  fills  with  water,  and   the  water 
apes  through    the  outlet    below  into   another   pipe, 
ich  conducts  it   to  a  storage  cistern.      Rain  water 
luld   always   be   stored   in    as   pure   a   condition   as 
isil>lc,    otherwise    the    storage    receptacle    becomes 
itcd   with    foul    matters,    which    pvitrefy    and    poison 
:  water.     The  advantage  of  underground  storage   is 
it  the  water  does  not  get   frozen   in  the  winter   oi 
pleasantly  hot  in  the  summer.      But,  on   the  other 
nd,  the  tanks  are  difficult  of  access,      llndergroun 
iks  must  be  built  of  sound   masonry  and  lined  wi 
draulic  cement.      They  should   rest  upon  a  bed 
Kfete  and  Ite  covered  over  with  arches  of  masor 
d  if  there  is  a  special  danger  of  polluting  mat 
ining  access  to  the  tank,  thcjr  should   be  surroi 
th  at  least  a  foot  of  wcll-pu'ldlcd  clay. 
Rain  water  is  especially  useful  for  cooking  aa^ 
I  on  account  of  its  wftntu — that  is  to  say,  its  £ 
m  llu-  ^alts  of  lime  or  inognesiii  in  solution. 
iMlUare  dissolved  in  a  watcit  they  render 
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Hardness  is  usually  reckoned  as  equivalent  to  so  many 
grains  of  chalk  or  carbonate  of  calcium  per  gallon  of 
water.  A  water  containing  more  than  lo  grains  of  chalk 
or  its  equivalent  in  other  salts  (sulphate  or  chloride  of 
calcium,  carbonate  of  magnesia,  &c.)  to  the  gallon  is 
said  to  be  hard.  Hardness  due  to  the  presence  of 
carbonate  of  calcium,  which  is  chiefly  liuld  in  solution 
in  the  water  by  its  combination  with  carbonic  acid  as  a 
bicarbonate  is  said  to  be  ttmjynrary :  for  when  the  water 
boils,  carbonic  acid  is  driven  off,  and  the  chalk,  no 
longer  able  to  remain  in  solution,  is  precipitated. 

It  is  this  deposit  of  chalk  which  causes  the  fur  on  the 
bottom  and  sides  of  boilers  and  kettles.  When  meat 
or  vegetables  are  cooked  by  boiling  in  hard  water,  a 
certain  amount  of  the  hard  material  is  deposited  on 
their  surfaces,  which  either  hinders  the  proper  penetra- 
tion of  the  heat  into  the  interior,  or  prevents  solution  of 
the  soluble  materials  when  this  is  desired.  The  fur 
lining  is  also  a  non-conducting  material,  and  impedes 
the  passage  of  heat  from  the  fire  lo  the  contents  of  the 
boiler  or  kettle,  thus  causing  a  waste  of  fuel.  This  fur 
lining  is  one  of  the  causes  of  the  boiler  explosions  from 
which  loss  of  life  not  infrequently  results.  To  reduce 
the  possibility  of  such  explosions  the  following  precau- 
tions are  desirable  : — The  boilers  should  be  of  wrought 
iron,  properly  tested ;  tliey  should  be  periodically  in- 
spected and  cleaned  ;  pipes  connected  with  them  should 
not  be  carried  up  external  walls  where  they  may  be 
affected  by  frost,  and  the  cisterns  should  also  be  in 
well-protected  positions ;  the  safety-valve  should  be 
accessible,  easily  adjusted,  and  sensitive  to  variations 
of  pressure. 

Great  waste  of  soap,  too,  is  caused  by  the  use  of  bard 
water  in  washing.  In  washing  it  is  necessary  to  produce 
a  latlier  of  the  soap  with  water  ;  baV  v<V\c.xv  \.\\<i  vii.va.  \% 
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hard,  the  lime  or  magnesia  combines  with  the  oleic  or 
stearic  acid  of  the  soap  (hard  soap  being  chiefly  a 
stearate  of  sodium,  soft  soap  an  oieate  of  potassium), 
forming  a  curdy  precipitate ;  and  all  the  lime  or  mag- 
nesia of  the  water  must  be  so  deposited  before  a  lather 
can  be  formed.  Consequently  a  certain  amount  of  soap 
is  wasted.  One  grain  of  chalk  wastes  about  eight 
grains  of  soap. 

The  hardness  of  rain  water  is  generally  less  than  half 
a  degree ;  that  is  to  say,  there  is  less  than  half  a  grain 
of  chalk  or  its  equivalent  salts  to  the  gallon  of  water; 
hence  its  value  for  domestic  purposes.  Rain  water 
should  never  be  allowed  to  run  to  waste  where  the 
water  derived  from  other  sources  is  hard.  There  is  one 
great  disadvantage  possessed  by  rain  and  other  soft 
waters,  namely,  their  liability  to  dissolve  lead,  iron,  or 
zinc  if  left  in  contact  with  these  metals.  Consequently 
cisterns  of  lead,  iron,  zinc,  or  galvanized  iron  should  not 
be  used  to  store  soft  water ;  and  such  water  when  col- 
lected from  lead  roofs  should  not  be  used  for  drinking. 


Upland  Surface  Waters. 

In  hilly  districts,  the  water  which  flows  on"  the  hills  in 
the  form  of  rivulets  or  streamlets  can  be  collected  and 
stored  by  building  an  earth  and  masonry  dam  or  barrier 
across  the  outlet  of  the  valley  to  which  the  streams 
converge.  Uy  this  method  of  collection  in  "inipoimding 
reservoirs,"  large  artificial  lakes  are  formed,  usually  at 
considerable  elevations  above  the  towns  which  tlioy 
supply  with  water,  and  capable  of  holding  a  supply 
sufficient  for  several  months.  A  certain  amount  of 
"  compensation  "  water  (usually  estimated  at  one  thinl 
ibe  amount  impounded)  njust  be  allotvc<J  to  pass  down 
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to  any  mill-owners  on  the  streams  whose  waters  have 
been  diverted. 

Large  storage  reservoirs  for  such  waters  are  made  by 
excavation  or  embankment,  and  then  lining  the  floor 
and  sides  with  concrete  or  wellpuddled  clay;  common 
mortar  must  not  be  used,  as  the  water  lakes  up  the  lime. 
Their  position  should  he  such  that  a  jet  reaching  20  feet 
above  the  highest  house  to  be  supplied  is  assured  by 
gravitation  alone,  otherwise  tlie  water  has  to  be  pumped 
to  a  higher  elevation.  Means  are  generally  taken  for 
diverting  the  tributary  stieanrs  from  the  storage  reservoir 
by  means  of  a  by-wash,  when  these  get  foul  in  times  of 
flood.  The  size  of  a  storage  reservoir  for  a  catchment 
area  will  depend  upon  the  numbers  of  the  community 
requiring  the  water,  and  upon  the  mean  rainfall  of  the 
district. 

Hawksley's   formula   is   of   value   in   estimating   the 

number  of  days'  supply  (x  /  which  must  be  stored  when 

a  community  is  dependent  on  a  rain-water  supply.      In 

1000 
this  forn:ula  A-  = — ,-  ;    where/  =  tlie   mean   rainfall 


■ 
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during  the  three  driest  consecutive  years — which  is 
usually  about  one-fifth  less  than  the  average.  In  this 
country  from  120  to  130  days'  supply  have  to  be  stored. 
The  probable  daily  yield  (in  gallons)  of  a  catchment 
arca^.v^  maybe  arrived  at  by  Dr.  Pole's  formula,  in  which 

A-  =  62  a;"*  Km   -  e1. 

In  this  formula  .\  =  the  area  of  the  gatliering  ground 
in  acres ;  Rm  =  the  estimated  average  rainfall  of  the 
three  driest  consecutive  years ;  and  E  =  the  loss  of 
rainfall  by  evaporation,  percolation,  and  imavotdable 
waste.  The  value  of  E  may  be  as  little  as  10  inches, 
and  may  even  exceed  20, 

Peaty  matter  is  very  frcc^uentl^  pte«:t\,V'w^>^.fe>ak,^'a:«v^ 
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curfarc  waters  of  mountainous  districts,  often  imparting 
a  dctidedly  yellow  or  brownish  hue  to  the  water.  It 
may  lie  removed  by  filtering  the  water,  through  beds  of 
fine,  sharp  sand,  as  is  done  at  V'artry  (Dublin). 

Under  the  heading  of  Upland  Surface  Waters  may 
xlnfj  lie  considered  the  waters  derived  from  natural  lakes 
in  mountainous  districts,  of  which  Glasgow  furnishes  a 
good  example.  Glasgow  is  supplied  with  water  from 
I^och  Katrine,  34  miles  north  of  the  City.  This  beauti- 
fully Noft  and  pure  lake-water,  which  replaced  in  1859 
the  grcKKly-pol luted  supply  drawn  from  the  Clyde,  has 
l>ren  of  inestimable  advantage  to  Glasgow,  not  only  by 
rattling  the  standard  of  health  of  its  inhabitants,  but  also 
by  effecting  an  enormous  saving  in  manufacturing  and  < 
Aaiiiutiisii  pur.suits,  from  the  fact  of  there  being  hardness 
equivalent  to  but  one  grain  of  lime  per  gallon  of  the 
water  inotcad  of  several.  The  saving  in  soap  alone  is 
estimated  at  ^36,000  per  annum. 

Upland  surface  and  lake  waters  approach  more  nearly 

10  tlie  composition  of  rain  water  in  their  comparative 
freedom  from  mineral  matters  than  water  derived  from 
■Djr  other  Hourcc.  Many  of  the  manufacturing  towns  in 
Laocakfurc  and  Yorkshire  are  supplied  with  upland 
MMttMcc  waters. 

Maochestcr  has  lately  obtained  a  new  source  of  supply 
fro»n  Tliirlmere,  90  ntiles  from  the  City.  Uy  the  con- 
ttiuclion  of  a  dam,  the  level  uf  the  lake  has  been  much 
iMlhctl,  and  its  storage  capacity  increased.  Liverpool, 
by  iaunCBM  mginccring  works,  has  impoimded  the 
walen  of  tha  Vjrrnwy,  in  Wales,  creating  an  artificial 
rnrrvoir  4I  miles  in  length,  and  conveying  the  water 
'  '      •  .   and  Hirmingham  is  now  engaged 

11  'r^'''A  watii  from  tlu;  upper  sources  of 
ilir  Wyi 

OixSMi^nally  ibc  water  of  takes  and  open  tccsetvous 
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becomes  contaminated  by  the  growth  and  subsequent 
decay  of  algae  and  other  microscopic  organisms.  In 
some  instances  so  abundant  is  the  growth  of  the  organ- 
ism that  the  water  becomes  coloured  red  or  green- blue, 
according  to  the  nature  of  the  organisms,  and  is  also 
turbid  and  evil-smelling.  Beyond  the  unpleasantness 
arising  from  the  odour  and  turbidity  of  the  water,  and 
the  disturbance  of  the  sand  filter-beds  when  the  reservoir 
water  is  subjected  to  Hltratinn,  it  does  not  appear  that 
this  contamination  induces  any  injurious  effect  upon 
the  health  of  the  consumer. 

The  iiuantity  of  water  that  can  be  collected  and  stored 
in  an  impounding  reservoir  amongst  hills  can  be  calcu- 
lated with  some  approach  to  accuracy  if  tlie  area  of  the 
catchment  basin,  the  average  rainfall,  and  the  average 
amount  of  percolation,  evaporation,  and  flow  of  the  rain- 
fall off  the  surface,  arc  known.  Records  of  the  rainfall, 
percolation,  He,  extending  over  a  long  scries  of  years 
are  necessary  for  this  purpose.  The  loss  from  evapora- 
tion in  open  reservoirs  may  reach  to  J  of  an  inch  per  day 
in  summer,  the  average  throughout  the  year  varying 
from  ^'5  to  j'^  of  an  inch  daily.  The  area  of  the  catch- 
ment basin  or  gathering  ground  can  be  ascertained  from 
a  6-inch  ordnance  map.  It  is  in  many  cases  a  district 
enclosed  hy  a  ridge  line,  which  is  continuous  except 
where  the  water  finds  exit ;  or  if  the  ridge  line  is  com- 
plete, and  the  water  does  not  find  an  exit,  a  lake  or 
natural  reservoir  is  formed.  The  main  ritlge  line  may 
give  off  branches,  and  thus  produce  subsidiary  or 
secondary  catchment  basins. 

In  6-inch  ordnance  maps,  contour  lines,  which  are 
lines  of  eijual  altitude,  are  drawn  at  every  25  feet 
(vertical)  of  elevation  apart.  Ridge  lines,  or  watershed 
lines,  along  the  whole  of  their  course  are  higher  than 
the  ground  immetliately  adjacent  on  eac\\  s\Avi,  XXac  \m\<\ 
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very  largely  effected  through  the  agency  of  aerobic  or 
oxygen- requiring  bacteria.  If,  too,  the  dilution  of  the 
sewage  with  clean  water  is  considerable,  plant  life  is 
not  interfered  with,  but  continues  to  give  olV  oxygen, 
reoxygenating  the  water,  and  enabling  the  process  of 
puritication  by  oxidation  to  continue.  No  doubt,  too, 
as  the  oxygen  dissolved  in  the  water  is  used  up,  fresh 
oxygen  is  absorbed  from  the  air.  I?esides  water  plants, 
minute  animals  (infusoria,  anguillulida-  or  water  worms, 
rntomostraca  or  water  fleas,  &c.)  aid  the  process  of 
purification  by  feeding  on  the  organic  impurities  of 
sewage.  These  organisms  are  found  in  countless  num- 
bers in  tlie  polluted  reaches  of  rivers.  Fish,  too,  if  the 
pollution  is  not  sufficiently  great  to  cause  much  diminu- 
tion of  dissolved  oxygen  in  the  water,  feed  on  some  of 
the  elements  of  sewage,  and  aid  in  the  process  of 
purification  ;  and  if  the  current  is  sluggish,  or  in  the 
deep  and  quiet  pools  of  a  rapid  stream,  the  suspended 
matters  of  the  sewage  will  be  largely  deposited. 

Dclepine  has  shown  that  this  sedimentation  is  a  very 
important  factor  of  bacterial  puritication  in  (lowing 
water,  when  the  flow  is  not  rapid. 

The  result  of  all  these  processes  is  that,  under  certain 
conditions  and  witlnn  certain  limits,  streams  and  rivers 
which  have  been  polluted  are  capable  of  undergoing  a 
certain  amount  of  self- purification  by  natural  means. 
How  far  this  self-purification  extends — in  other  words, 
its  greater  or  less  completeness  within  a  certain  dis- 
tance of  flow — is  still  a  matter  of  cloubt.  The  Hivers 
Pollution  Commissioners  (Sixth  Report)  came  to  the 
conclusion,  as  the  result  of  their  experiments,  that 
"  the  oxidation  of  the  organic  matter  in  sewage  pro- 
ceeds with  extreme  slowness,  even  when  the  sewage 
is  mixed  with  a  large  volume  of  unpolluted  water, 
and  that  it  is  impossible  to  say  how  far  such  water 
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must  flow  before  the  sewage  matter  becomes  thoroughly 
oxidized.  It  will  be  safe  to  infer,  however,  from  the 
above  results,  that  there  is  no  river  in  the  United 
Kingdom  long  enough  to  effect  the  destruction  of 
sewage  by  oxidation."  On  the  other  hand,  several 
eminent  chemists  have  expressed  their  belief  that  a 
flow  of  even  a  few  miles  is  sufficient  to  free  a  river 
of  all  trace  of  sewage  contamination. 

The  truth  of  the  matter  then  appears  to  br,  that 
under  f.ivourable  conditions,  when  the  dilution  of  the 
sewage  with  clean  water  is  very  considcraL)le,  and  the 
oxidation  and  purification  exerted  by  aquatic  animal 
and  vegetable  life  can  have  free  play,  a  stream  or  river, 
especially  if  it  undergoes  agitation  and  exposure  to  the 
air  by  flowing  over  rapids  or  by  falling  over  weirs,  is 
capable  of  being  so  far  purified  that,  although  it  may 
never  quite  regain  its  original  purity,  it  becomt-s  at 
least  very  much  improved.  Practically,  however,  in 
this  country,  a  majority  of  our  streams  and  rivers  are 
not  allowed  a  chance  of  self-purification.  The  pollu- 
tion is  almost  continuous  from  their  sources  to  their 
moutlis. 

When  the  river  into  which  sewage  is  discharged  is 
already  much  polluted,  or  if  the  dilution  is  not  sufficiently 
great,  oxidation  and  purification  are  brought  to  a  stand- 
still. The  dissolved  oxygen  is  greatly  diminished  in 
amount  ;  animal  and  vegetable  a<]itatic  life  are  injuri- 
ously afl'ccted  or  destroyed  ;  decomposition  or  fermen- 
tation of  organic  matters  is  started,  with  the  production 
of  foul  gases  ;  the  bed  of  the  river  becomes  silted  up 
with  decaying  matters,  which,  buoyed  up  by  gases, 
occasionally  rise  to  the  surface  and  sink  again,  and  a 
most  serious  nuisance  results.  The  process  is  one 
eventually  tending  to  purification  by  resolution  of  com- 
plex organic  bodies  into  their  simpler  elements,  but  va 


z6 


HYGIENE    AND    PUBLIC    HEALTH. 


the  meantime  the  effects  of  the  process  are  most  offen- 
sive. 

A  considerable  rise  of  temperature  will  produce  a  like 
result  on  rivers  which  arc  having  their  purifying  powers 
tested  to  the  height  of  their  capacity.  Purification 
goes  on  so  long  as  the  weather  is  cool,  hut  with  a  rise 
in  temperature,  bacterial  growth  is  stimulatetl,  and  de- 
composition sets  in,  replacing  the  oxidising  processes. 

Sewage  in  potable  waters — waters  intended  for  drink- 
ing— is  chiefly  dangerous  from  the  fact  of  its  contain- 
ing, or  being  liable  to  contain,  the  specific  poisons  of  ■ 
disease.      Cholera    and    enteric    fever,   diarrhoea    and  " 
dysentery,  we  know  to  be  sometimes  spread  by  means 
of  infected  and  polluted  water. 

A  considerable  mass  of  evidence  was  submitted  to 
the  koyal  Commission  on  Metropolitan  Water  Supply 
(1893),  as  to  the  fate  of  disease  poisons  subsetiuent  to 
their  introduction  into  river  water.  This  evidence  was 
founded  almost  entirely  on  laboratory  experiments  on 
the  behaviour  in  water  of  the  supposed  bacilli  of 
typhoid  fever  and  cholera.  The  statements  of  the  bac- 
teriological witnesses  before  the  Commission,  therefore, 
represent  knowledge  obtained  under  artificial  conditions 
of  disease  organisms  cultivated  under  similar  conditions, 
and  are,  consequently,  only  inferentially  applicable  to 
similar  microbes  in  a  state  of  nature,  and  subjected  to 
a  natural,  as  opposed  to  an  artificial,  environment. 

With  this  reservation,  the  general  results  of  the 
bacteriological  evidence  may  l>e  summed  up  as  follows  : 
The  bacilli  of  typhoid  and  cholera  tend  to  lose  their 
vitality  and  ultimately  to  disappear,  when  placed  in 
water.  In  water  which  is  sterile,  or  devoid  of  other 
organisms,  these  l>acilli  may  retain  some  kind  of  vitality 
for  several  weeks  or  months  if  the  water  contains 
pabulum.      But  in  water  containing  actively  growing 
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non-pathogenic  organisms,  such  as  ordinary  river  water, 
the  destruction  of  the  pathogenic  organisms  is  effected 
much  more  rapidly.  This  statement  helps  to  throw 
light  on  certain  outbreaks  of  enteric  fever  due  to 
specific  contamination  of  deep  well-water.  Pure  deep 
weliwaters  contain  relatively  few  bacteria,  conse- 
quently the  typhoid  bacillus  wlien  introduced  into  such 
a  water  (as  occurred  in  the  Caterham  outbreak)  may 
retain  its  vitality  and  virulence  sufficiently  long  to 
render  enormous  volumes  of  water  infective.  It  ap- 
pears, also,  that  under  such  conditions,  deep  down 
underground,  with  an  absence  of  light,  the  typhoid 
bacillus  for  a  space  of  two  or  three  days  increases  in 
numliers  to  a  vast  extent,  thus  enabling  a  relatively 
small  amount  of  polluting  ingredient  to  contaminate 
large  volumes  of  water. 

The  process  of  sedimentation  which  occurs  in  the 
deep  and  sluggish  reaches  of  a  river  tends  to  the  elimi- 
nation of  bacteria,  the  suspended  matters  in  their  sub- 
sidence carrying  down  with  them,  entangled  in  their 
substance,  numberless  bacteria.  The  effect  of  aeration 
and  of  flow  are  less  apparent  ijmi  bacterial  destruction  ; 
whilst  as  regards  the  undoubted  powerful  germicidal 
action  of  bright  sunlight,  in  the  case  of  a  river  like  the 
Thames,  witli  an  average  depth  of  over  six  feet,  it  is 
doubtful  what  eflect  the  water  has  in  cutting  off  the 
actinic  light,  and,  therefore,  wliat  is  the  precise  germi- 
citlal  action  of  sunlight  or  daylight  at  diilerent  depths 
from  the  surface,  and  under  dilTerent  conditions  of  clear- 
ness or  turbidity  of  the  water. 

The  process  of  storage  and  purification  pursued  by 
the  London  (Thames)  Water  Companies,  on  the  effi- 
ciency of  which  the  health  and  freedom  from  disease  of 
so  large  a  population  depends,  is  as  follows  : — 

The  water  taken   from   the   river   is  pas^ev^  '\tvVq  ?k. 
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Storage  reservoir  of  masonry,  capable  of  liolding  several 
days'  supply.  It  is  important  that  the  capacity  of  this 
reservoir  sliould  be  sufficiently  great  both  to  obviate  the 
necessity  of  drawing  water  from  the  river  when  it  is  in 
flood,  .nnd  therefore  very  turbirl,  and  to  allow  time  for 
the  clarification  of  the  water  by  the  deposition  of  ail  its 
suspended  matters.  The  five  companies  supplying  the 
Thames  water  to  London  have  storage  reservoirs  of  an 
aggregate  capacity  of  516  million  gallons,  and  the 
average  daily  supply  from  these  five  companies  is  107 
million  gallons.  From  the  storage  reservoirs  the  water 
passes  on  to  the  surface  of  the  filter  beds,  which  con- 
sist of  layers  of  Hne  sand  (average  thickness  3  feet) 
Ijnng  upon  layers  of  gravel  fine  above,  but  coarse  below, 
and  of  a  total  depth  varying  from  3  to  ii  feet.  In  the 
coarse  gravel  or  rough  stones  are  the  open  mouths  of 
the  outlet  pipes,  which  convey  the  filtered  water  from 
the  filter  beds  to  a  central  fihered-water  well,  from 
whence  it  is  pumped  through  iron  mains  to  the  Metro- 
polis, or  to  a  high-level  reservoir  near  London.  Vents 
run  up  from  the  deeper  layers  of  the  filters  to  above  the 
water  level  to  permit  of  the  escape  of  displaced  air 
when  the  bed  is  being  filled  with  water.  The  large 
storage  reservoirs  in  or  near  towns  should  be  covered  ; 
and  not  iinfrcquently  tlicse  are  made  to  feed  supple- 
mentary reservoirs,  especially  where  the  demand  in  one 
part  of  the  district  greatly  exceeds  the  average  for  the 
district  generally. 

'I'hc  depth  of  water  on  the  filter-beds  is  never  more 
than  2  feet,  the  average  rate  of  filtration  per  square 
foot  of  filter-bed  being  ij  gallons  per  hour.  The  upper 
layers  of  fine  sand  must  be  occasionally  renewed,  as 
they  ttecome  choked  with  sediment.  They  are  usually 
removed,  and  washed  with  water  jetted  from  a  hose 
under  high  pressure,  before  being  used  again  in  the 
BUer-beds. 
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Sand  acts  almost  entirely  as  a  mechanical  filter,  but 
a  small  amount  of  purification  by  oxidation  takes  place. 
This  purification  results  mainly  from  the  condensation 
of  oxygen,  which  takes  place  upon  the  upper  surface 
of  the  sand.  Dr.  Percy  Frankiand  has  shown  tliat 
the  micro-organisms  (harmless)  present  in  unfiltered 
Thames  water  at  Hampton  are  reduced  in  number 
on  the  average  97-7  per  cent,  by  the  storage  and 
filtration  which  the  water  undergoes  at  the  hands  of 
the  water  companies,  but  that  this  reduction  is  largest 
in  the  case  of  those  companies  which  have  the  largest 
storage  capacity  for  unfiltered  water,  the  greatest 
thickness  of  fine  sand  in  the  filter-beds,  the  slowest 
rate  of  filtration,  and  the  most  frequent  renewal  of 
the  filter-beds — all  these  being  factors  of  much  in- 
fluence on  the  chemical,  as  well  as  on  the  biological, 
characteristics  of  the  water. 

All  the  witnesses  before  the  Royal  Commission  on 
the  Metropolitan  Water  Supply  (1893)  were  agreed 
that  the  efficiency  of  the  sand  filter-beds  in  inter- 
epting  bacteria  is  due  to  the  formation  of  a  superficial 
gelatinous  deposit  or  membrane  on  the  top  of  the  sand. 
The  bacteria  become  attached  to  and  entangled  in  the 
colloidal  mass,  and  are  conse(iucntly  prevented  from 
passing  down  into  the  deeper  beds  of  sand  ami  gravel. 
This  filtration  has  been  likened  to  the  dialysis  through 
a  fine  jelly,  which  is  capable  of  intercepting  the  very 
smallest  bacteria,  if  there  is  no  rupture  or  loss  of  con- 
tinuity in  the  material.  This  gelatinous  film  which 
forms  on  the  top  layer  of  sand  consists  very  largely  of 
intercepted  organic  matter  and  bacteria.  It  appears  to 
be  sufficiently  well  formed  to  be  effective  in  intercepting 
bacteria  within  two  or  three  days  after  the  filter-bed  has 
been  in  use,  subsequent  to  renewal  of  the  top  layer  of 
sand.     It  follows,  therefore,  that  the  filter-bed  does  not 
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attain  its  normal  efficiency  in  the  interception  of  bac- 
teria until  It  has  been  in  use  at  least  two  days  after  the 
periodical  renewal.  On  the  other  hand,  there  is  no 
evidence  of  the  efficiency  of  the  sand  lilterl>eds,  qua 
bacterial  interception,  bein^  reduced  by  prolonged  use, 
even  for  so  extended  a  period  as  sixty-eight  days.  It 
would  seem  that  the  orpanisms  tend  to  grow  down 
deeper  and  deeper  into  the  beds,  and  might  possibly 
in  time  grow  quite  through  the  interstices  of  the  filler, 
and  so  reappear  in  the  filtered  water.  But  owing  to 
the  thickness  of  sand  this  process  must  occupy  a  very 
long  time.  The  reason  why  the  top  layers  of  sand 
should  he.  skimmed  and  renewed  periodically  is  to 
prevent  other  filter-beds  Leing  overtaxed,  because  the 
filtration  becomes  slow  in  old  beds,  owing  to  the  thick- 
ness of  the  gelatinous  coating,  and  consequent  clogging 
of  the  lop  layers.  If  certain  filter-beds  arc  working  too 
slowly,  others  have  to  be  pressed,  possibly  resulting  in 
inefficient  filtration,  in  order  to  make  up  the  volume  of 
filtered  water  necessary  for  the  daily  supply. 

The  result  of  the  Massachusetts  experiments  on  the 
purification  of  water  by  filtration  may  be  briefly  sum- 
marised as  follows : 

(a)  Dy  reducing  the  rapidity  of  filtration,  and  employ- 
ing the  finer  sands,  increased  efficiency  is  obtained. 

(/')  With  moderate  rapidity  of  filtration  (2,000,000 
gallons  per  acre  per  diem)  1  foot  of  sand  appears  to 
lie  as  effective  as  5. 

(f)  The  scraping  off  of  the  upper  layer  of  clogged 
sand  enables  more  organisms  to  pass  through  the  filter ; 
and  it  is  not,  as  a  rule,  until  three  days  after  scraping 
that  the  fillers  regain  their  highest  cfliciency. 

(d)  Fifly-five  per  cent,  of  the  organisms  removed 
were  found  in  the  upper  ^-inch  of  sand,  and  80  per 
cent,  in  the  upper  inch 


WATER. 

{()  Much  less  water  at  32°  F.  passes  through  a  filter 
than  when  the  water  is  at  70"  F.,  owing  to  the  increased 
viscosity  of  tlie  colder  water. 

(/)  Shallow  filters  require  more  frequent  scraping 
than  the  deeper  ones,  due  to  the  greater  head  availaiile 
in  the  deeper  filters. 

(§•)  Filters  used  continuously  require  less  frequent 
scraping  than  when  used  intermittently. 

The  connection  between  the  cholera  outbreak  in 
Hamburg  in  1892  and  its  water-supply,  and  the  value 
of  sand  filtration,  are  clearly  demonstrated  by  the 
following  facts: — Hamburg,  Altona,  and  Wandsbeck 
are  three  towns  which  are  contiguous  to  each  other, 
and  really  form  a  single  community,  not  differing  from 
each  other  except  in  so  far  that  each  has  a  separate 
and  different  kind  of  water-supply.  Wandsbeck  ob- 
tained filtered  water  from  a  lake  which  is  hardly  at  all 
exposed  to  contamination  with  ftecai  matter ;  Hamburg 
ol)tained  its  water  unfiltered  from  the  tidal  Elbe  above 
the  town  ;  whilst  Altona  drew  its  water  from  the  Elbe, 
but  below  Hamburg,  after  the  river  had  received  the 
sewage  of  800,000  people.  The  water  so  taken,  how- 
ever, was  subjected  to  careful  sand  filtration,  before 
being  supplied  to  the  people  of  Altona.  Whereas 
Hamburg  in  1892  was  severely  visited  by  cholera, 
nearly  17,000  attacks  and  8,600  deaths  occurring  be- 
tween August  16,  when  the  disease  was  first  introduced, 
and  the  middle  of  November,  when  it  had  subsided, 
(annual  death-rate  from  cholera  in  i892  =  i3'4  per  1,000 
of  the  estimated  population},  Wandsbeck  and  Altona 
were  nearly  free  from  the  disease.  About  500  cases  of 
cholera  occurred  in  Altona,  Init  at  least  400  of  these 
were  infected  in  Hamburg.  The  water  supplied  to 
Hamburg  was  taken  from  the  Elbe  above  the  sewage 
outfalls  into  the  river,  but  was  nevevlheVe^?,  cowX.a.wiv 
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Dated  at  times  by  the  tidal  action  carrying  sewage  back 
above  the  outfalls.  This  water,  supplied  in  an  unfiltered 
condition  to  the  population,  was  the  cause  of  the  cholera 
epidemic  Careful  sand  filtration  of  the  Elbe  water,  in 
a  much  more  grossly  sewage-jxiliuted  condition,  saved 
Akona  from  the  disastrous  epidemic  which  raged  in 
Hamburg. 

Professor  Koch  lays  stress  upon  the  foHowrng  lliree 
points  as  to  the  efficacy  of  sand  (iitralion  :  (i)  That  a 
proper  thin  layer  of  mud  or  slime  should  be  formed  on 
the  top  of  the  filter-bed  ;  that  it  should  not  be  disturbed 
during  the  process  of  filtration,  and  that,  when  the 
deposit  becomes  too  thick  and  impermeable,  it  should 
be  removed ;  (2)  that  the  thickness  of  sand  should 
never  be  less  tiian  30  cm.  (ii'8  inches);  (3)  that  the 
downward  movement  of  the  water  through  the  sand 
layer  must  not  exceed  100  mm.  (3*94  inches)  in  the 
hour,  or  200,000  gallons  per  acre  per  hour,  lie  re- 
commends that,  after  a  filter  lias  been  scraped,  the 
slimy  deposit  should  first  be  allowed  to  form  before 
the  water  is  conducted  to  the  filtered-water  well  or 
reservoir ;  that  each  separate  filter  should  be  bacterio- 
logically  investigated  daily,  and  water  containing  more 
than  100  germs,  capable  of  development,  in  a  cubic 
centimetre,  should  not  be  allowed  to  reach  the  pure 
water  reservoir.  The  majority  of  the  bacteria  in  ade- 
quately filtered  water  are  attributable  to  post-filtration 
sources,  the  filter-beds  below  the  slime  layer,  the 
channels,  collecting  drains,  culverts,  and  wells  being 
of  course  not  sterile.  The  slightest  disturbance,  how- 
evKT,  in  the  process  of  filtration,  as,  for  instance,  the 
quickening  of  the  pace  of  filtration  to  over  100  mm. 
per  hour,  or  the  disturbance  of  the  mud  surface 
covering,  as  in  periods  of  frost  or  immediately  after 
a  fitter  is  cleaned,  tends  to  create  an  innucdiatc  in- 
crease of  germs  in  the  filtered  water. 
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The  conclusion  that  we  may  come  to,  then,  in  the 
case  of  the  London  water-supply  from  the  Thames, 
is  that,  as  long  as  it  is  efficiently  filtered,  and  not 
taken  from  the  river  when  in  flood,  it  is  fairly  pure 
and  reasonably  wholesome ;  but  that  the  Thames  is 
not  really  a  safe  source  of  supply,  for  should  the 
filtfring  arrangements  break  down  at  a  period  of  epi- 
demic prevalence  in  the  upper  reaches  of  the  river, 
disease  would  in  all  probabilily  arise  amongst  the 
consumers  of  the  water  in  London.  The  same  may 
be  said  of  any  other  pollutud  river  used  as  a  source 
of  drinking  water;  and  all  attempts  to  purify  by  filtra- 
tion organically  polluted  water  ouglit  to  be  deprecated, 
whether  it  be  on  a  public  or  a  domestic  scale. 

Mr.  Murphy  has  shown  that  in  each  of  the  four  years 
1890-1-2-3  there  was  a  decrease  in  the  notified  cases 
of  enteric  fever  in  London  in  the  4'jth,  50th,  and  51st 
weeks  of  those  years;  but  in  1894  there  was  an  increase 
in  the  notified  cases  of  this  disease  in  comparison  with 
the  preceding  weeks,  and  this  increase  followed  upon 
very  remarkable  floods  in  the  Thames  and  Lee  valleys 
in  the  46th  and  47th  weeks  of  the  year,  and  the  ilelivcry 
in  London  of  inefficiently  filtered  water  containing  an 
abnormal  amount  of  organic  matter.  The  cases  of 
enteric  fever  were  scattered  all  over  the  Metropolis, 
and  were  not  localized  to  any  particular  district,  there 
being  in  fact  no  localized  outbreak  to  account  for  the 
increased  number  of  cases  in  the  49th,  50th,  and  51st 
weeks  of  the  year. 

The  yield  of  a  small  stream,  or  water-course,  may  be 
approximately  ascertained  by  observing  the  average 
width  and  depth  of  the  stream  over  a  portion  of  the 
channel  wliere  it  is  pretty  uniform.  The  yield  is  found 
by  multiplying  the  area  thus  obtained  by  four-fifths  of 
the  surface   velocity  in   this  portion  of  iht  cVva^ww^^. 
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Current  metres  may  also  be  employed  ;  or,  if  the  whole 
stream  is  dammed  up  and  made  to  pass  through  a 
trough  of  known  area  and  length,  through  a  sluice  of 
known  size,  or  over  a  weir  in  which  a  rectangular 
notch  is  cut,  the  discharge  of  water  can  be  estimated. 
When  water  is  taken  from  the  head  of  a  stream  for 
municipal  purposes,  a  "  compensation  reservoir "  is 
often  provided  to  impound  storm  waters,  which  can 
l)e  led  into  the  river  for  trade  purposes  to  augment 
the  dry-weather  flow. 

Sometimes  water  is  obtained  from  deep  trenches 
dug  in  the  proximity  of  a  river,  and  it  is  assumed 
that  the  water  undergoes  extra  purification  in  its 
passage  through  the  soil.  Although  more  or  less 
ground  water  is  generally  collected  in  these  trenches, 
water  of  great  purity  has  often  thereby  been  obtained. 


Springs. 

In  its  passage  through  the  soil,  the  portion  of  the 
rain  that  percolates  absorbs  carbonic  acid  from  the 
ground  air,  which  is  very  much  richer  in  this  gas 
than  ordinary  atmospheric  air.  This  water  holding 
carl)onic  acid  gas  in  solution  is  capable  of  dissolving 
some  of  the  mineral  constituents  of  the  rocks  over 
which  it  passes. 

The  most  important  minerals  found  in  underground 
waters  are : — calcium  carbonate  from  chalk,  oolite, 
limestone,  and  sandstone ;  calcium  sulphate  from  the 
same  strata  and  from  selenite;  magnesium  carbonate 
and  sulphate  from  magnesian  limestones;  iron  from 
the  gtecnsan<ls  and  from  the  new  red  sandstone ;  and 
mUb  of  sodium  or  potassium  from  greensand,  sandstone 
rocks,  and  other  strata.  The  advantages  of  under- 
ground water  supplies  over   surface  supplies  are  that 
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large  reservoirs  are  not  required,  less  land  is  wanted, 
filtration  is  unnecessary,  and  there  is  less  liability  to 
pollution.  In  some  springs,  derived  from  underground 
waters  at  great  depths  below  the  surface  of  the  earth, 
the  mineral  constituents  of  the  watt-r  arc  so  excessive  in 
amount  as  to  render  it  quite  unfit  for  drinking,  but 
valuable  fur  medicinal  purposes.  There  can  be  little 
doubt  that  the  water  giving  rise  to  these  springs  is,  in 
many  cases,  forced  out  of  the  earth  by  the  pressure  of 
confined  gases.  Rut  the  origin  of  most  of  the  springs 
which  afford  a  pure  and  wholesome  water  for  ordinary 
use  may  be  explained  in  a  different  manner. 

The  rain  whicli  percolates  into  the  porous  strata 
(sand,  gravel,  fissured  chalk,  sandstone,  etc.),  at  the 
surface  of  the  earth,  sinks  through  these  strata  by  the 
force  of  gravity  until  it  readies — as  it  usually  does  at 
a  greater  or  less  deptli — an  impermeable  stratum. 
Prestwich  says  that  on  chalk  hills  it  takes  from  four  to 
six  months  for  the  rainfall  to  reach  the  water-level,  if 
this  is  at  a  depth  of  200  to  300  feet;  whereas  in  the  case 
of  sand  and  gravel  it  may  only  take  a  few  days  if  the 
water-level  is  not  many  feet  from  the  surface.  This 
under-ground  water  does  not  always  stand  at  the  same 
level.  It  is  constantly  rising  and  sinking,  and  in  most 
years  these  variations  of  level  are  fairly  regular,  both  as 
to  amount  and  as  to  the  season  of  the  year  at  which 
they  occur.  The  highest  level  is  usually  reached  in 
February  or  March,  whilst  the  lowest  occurs  in  October 
or  November.  The  cause  of  these  variations  must  be 
looke<l  for  in  the  circumstances  attending  the  rainfall. 

In  districts  having  an  average  rainfall  {25  to  30 
inches  per  annum),  the  amounts  of  rain  that  fall  in 
summer  and  in  winter  are  very  nearly  equal.  But  in 
the  summer  montlis  (.April  to  September)  the  amount 
of  rain   that  percolates  is  generally  very  smalV-,  \\.  \s 
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I  flf  dK  snnuner  rainfall  in  chalky  soils. 

B  that  faUs  in  an  average  summer  is 

the  sorface  of  the  soil  or  from  the 

The  oonsequeoce  is  that  the  under- 

r  m  mat  wfiiriiifihed  from  the  surface,  and  its 

la  the  winter  months  (October  to  March) 

than  baJf  the  rainfall   percolates  in 

,  the  ranainder  being  lost  by  evapora- 

Thc  ■adcffpoaad  water  begins  to  rise  usually  in 

r«  H  poonlatioa  has  commenced  in   October, 

to  riM  oolil  it  attains  its  maximum  in 

March. 

it  happnw,  as  in  1879  when  the  summer 
,  that  the  aodergrouod  water  rises  during 
the  MUDUiU  maatfas.    Bat  such  years  are  exceptional. 

There  i>  aJways  a  opflain  amount  of  percolation  in 
the  tammn  moeths,  and  tliis  varies  within  rather  wide 
linata.  In  ■otne  years  it  is  ml,  in  other  years  it  is — as 
io  1879— as  great  «s  the  evaporation  (over  12  inches). 
The  rcasoo  of  this  appears  to  be  that  a  chalk  surface 
^m  able  to  craporalc  about  12  inches  of  rain  in  the  six 
^aiunmer  months.  If  the  summer  rainfall  is  much  less 
than  12  inches,  there  is  no  percolation  at  all ;  but  if  the 
rainfall  exceeds  12  inches,  the  difference  percolates,  and 
helps  to  replenish  the  underground  waters.  In  the 
chalk,  as  we  have  seen,  about  37  per  cent,  of  the  entire 
rainfall  percolates ;  in  the  new  red  sandstone  about 
25  per  cent. ;  in  the  magncsian  limestone  20  per  cent. ; 
whilst  in  the  loose  sands  and  gravels  about  90  per  cent, 
may  do  so. 

The  underground  water  is  not  only  constantly  chang- 
ing its  level,  but  it  is  also  always  moving  slowly  towards 
its  natural  ouilct.  The  water  tends  to  hnd  its  own 
level  according  to  the  laws  of  gravitation  ;  not  rapidly 
but  slowly,  owing  to  the  friction  and  capillarity  which 
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obstruct  its  passage  through  the  interstices  of  the  rocks 
or  soil.  The  outlet  may  be  into  the  sea,  or  into  a  river, 
or  by  springs  on  a  hillside,  at  a  much  lower  level. 

It  has  been  found  by  observation  on  deep  wells  that 
the  underground  water  has  a  curved  surface  from  its 
highest  level  to  its  outlet.  The  curve  rises  steeply  from 
the  outlet,  but  gradually  bcconiL's  more  nearly  hori- 
zontal as  the  distance  iroin  the  outlet  increases  (hg.  i). 
The  variations  in  level  l>etwcen  high  and  low  under- 
ground water  arc  small  near  the  outlet,  whilst  they 
gradually  increase  as  the  distance  from  the  outlet  in- 
creases. The  higher  the  level  of  the  underground  water, 
the  greater  is  the  fall  from  its  highest  point  to  the 
outlet,  and,  consequently,  the  larger  the  volume  of 
water  discharged  at  the  outlet. 

(  Springs  arc  formed  by  the  "cropping  out"  on   the 

surface  of  the  earth  of  the  impermeable  stratum  which 
holds  the  underground  water  up,  i.e.,  prevents  it  from 
sinking  further  into  the  earth.  They  are  natural  outlets 
of  underground    water,   and    are    usually    ihvided    into 

I       "main  or  deep"  and  "land"  springs. 

P  Land  springs  are  the  outlets  of  limited  collections  of 

I  underground  water,  formed  in  superficial  beds  of  sand 
or  gravel  overlying  an  impermeable  stratum.  They  are 
often  intermittent,  ceasing  altogether  to  flow  during  the 
summer,  when  the  underground  water  is  exhausted,  and 
beginning  again  in  the  autumn,  very  soon  after  perco- 
lation commences.    Intermittent  springs  are  also  formed 
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where  a  valley  cuts  across  the  highest  levels  of  a  large 
lutwwt  of  onderground  water,  so  that  the  spring  flows 
oatf  ioT  a  abort  period  of  every  year  —  usually  in 
Febntary  or  March — when  the  highest  water  line  of 
the  nBdergroand  water  is  tapped  by  the  depression  of 
the  valkjr  (6g.  i). 

Maia  tphags  arc  the  deep-seated  springs  issuing  from 
nfoiar  geological  formations,  such  as  chalk,  oolite, 
— datnoe.  They  are  usually  perennial,  flowing  all  the 
year  roood,  but  exhibit  well  marked  seasonal  variations, 
their  vottune  increasing  in  winter,  when  the  under- 
ypouad  water  level  stands  highest,  and  the  fall  to  the 
oatlet  is  greatest, 

Spriogs  afford  good  sources  of  water  supply  for  small 
conmianities,  such  as  villages.  Main  springs  are  better 
than  land  springs,  both  because,  as  before  stated,  they 
jrield  water  throughout  the  entire  year,  and  because 
they  are  less  liable  to  accidental  pollutions,  the  great 
thidcoeaa  of  strata  through  which  the  water  percolates 
from  the  surface  effectually  dealing  with  any  organic 
impurities  it  may  contain.  Such  spring  water  is  usually 
clear  and  sparkling,  well  aerated,  and  of  nearly  con- 
stant temperature  throughout  the  year.  It  generally 
cootains  more  or  less  of  the  salts  producing  hardness, 
and  is,  therefore,  though  palatable  and  wholesome  for 
drinking,  less  well  suited  for  washing,  cooking,  and 
manufacturing  purposes,  than  the  soft  waters. 

To  guard  against  pollution,  the  surface  of  the  soil 
around  the  point  of  delivery  of  the  spring  should  be 
walled  in,  and  the  water  conducted  to  the  surface  by 
a  short  pipe.  In  some  cases  it  may  be  necessary  to 
'Coliect  the  water  issuing  from  a  spring,  and  to  store  it 
in  a  r«rM*rvoir  liefore  distribution  to  the  houses  of  the 
Coa«unir.ni. 

The  yield  of  a  spring  may  be  estimated  by  observing 
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how  long  it  takes  to  All  a  vessel  of  known  capacity.  It 
is  well  to  know  the  average  flow  throughout  the  year. 

In  chalk  and  sandstone  districts  springs  are  conip>ara- 
tively  rare,  unless  it  be  at  points  much  below  the  level 
of  the  surrounding  country,  as  these  permeable  rocks 
themselves  form  vast  reservoirs.  In  the  oolite,  owing  to 
the  frequent  alternation  of  porous  and  retentive  strata, 
springs  are  common.  In  limestone  regions  main  springs 
are  often  fed  by  subterranean  reservoirs  caused  by  the 
solution  of  the  limestone  by  water  charged  with  CO„. 
The  most  constant  and  abundant  springs  in  this  country 
are  generally  in  the  chalk,  oolite,  new  red  sandstone,  the 
millstone  grits,  and  mountain  limestones ;  and  the  most 
invariably  good  water  is  obtained  from  the  lower  chalk 
immediately  al)ove  the  greensand. 

Springs  may  be  made  to  supply  water  to  houses 
situated  above  the  level  of  their  delivery,  if  the  llow  is 
sufficient  to  work  a  ram,  turbine,  or  other  similar  form 
of  pumping  engine,  so  that  the  water  can  be  pumped  up 
to  the  cistern  or  reservoir.  Sometimes  the  spring  water 
issuing  from  a  great  depth  is  warm  or  even  hot.  This 
is  due  to  the  fact  that  the  temperature  of  the  earth  in- 
creases with  its  depth,  and  the  water  temperature  rises 
about  1°  F.  for  every  50  to  60  feet  of  depth,  on  an 
average. 

Welts. 

It  is  usually  said  that  there  are  three  kinds  of  wells, 
shallow,  deep,  and  artesian ;  but  this  last  is  merely  u 
variety  of  a  deep  well.  The  source  of  the  water  in 
wells  is  the  same  as  that  of  springs,  and  the  composition 
of  the  water  will  be  very  much  the  same  as  that  of  the 
spring  water  derived  from  similar  strata. 

Shallow  wells  are  those  which  are  sunk  into  superficial 
porous  beds  of  sand  or  gravel  over\y\n^  an  '\K\^\w\e.'a\iv<e. 
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Stratum  of  clay  or  other  dense  rock.  They  tap  the 
underground  water  held  up  by  the  inipernieable  stratum 
and  yield  a  water  identical  in  composition  with  that 
Howinjj  from  the  land  sprinj^s  in  tlie  nfi{,'hhourhood. 
The  depth  of  the  well  must,  of  course,  vary  with  the 
vertical  distance  of  liie  impermeable  stratum  from  the 
surface  of  the  earth ;  as  a  rule,  this  distance  is  not 
jjreat,  and,  in  fact,  it  is  often  said  that  shallow  wells  are 
those  which  are  less  than  50  feet  deep ;  but  it  is  better 
to  keep  to  the  definition  here  given. 

The  rural  population  of  this  country  derives  its  water 
almost  exclusively  from  shallow  wells.  Formerly  shal- 
low wells  were  also  the  usual  sources  of  supply  in 
towns;  but  these,  in  nearly  all  instances,  have  now 
lieen  abolished  in  favour  of  a  public  supply  from  un- 
polluted sources.  The  Rivers  Pollution  Commissioners 
(Sixth  Report)  stated  that  in  their  experience  shallow 
wells  were  almost  always  horribly  polluted  by  sewage 
and  by  animal  matters  of  the  most  disgusting  origin. 

Where  the  level  of  the  underground  water  is  but  a 
few  feet  from  the  surface,  it  is  obvious  that  the  surface 
water,  which  may  contain  impurities,  has  but  little 
chance  of  being  purified  in  its  passage  through  the  soil 
to  the  well.  Hut  the  grosser  pollutions,  tiiat  shallow 
well-waters  suffer  from,  come,  not  from  this  source,  but 
liom  leaking  drains  and  cess-pools  in  the  vicinity. 

Cesspools  are  but  rarely  made  watertight,  as  ilu-y 
woulcl  then  require  to  be  frequently  emptied.  Wliun 
sunk  in  a  porous  soil  and  merely  lined  with  bricks  with- 
out mortar  or  cement,  the  liquids  soak  away,  and  the 
solids — small  in  volume — so  gradually  accumulate  that 
the  cesspool  can  be  closed  over,  and  need  not  be  opened 
for  years.  The  liquid  sewage  percolates  through  the 
soil  and  joins  the  underground  water  below.  As  the 
underground  water  is— as  before  explained— slowly  but 
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Steadily  moving  along  in  the  direction  of  its  natural  out- 
let, the  position  of  the  well  in  rogard  to  the  cesspool  is 
all-important.  Should  the  well  be  above  the  cesspool, 
the  underground  water  flowing  from  the  well  to  the 
cesspool,  the  risk  of  pollution  is  greatly  diminislicd,  so 
long  as  but  little  water  is  drawn  from  the  well.  If  the 
well  is  below  the  cesspool  and  in  the  line  of  flow  of 
the  underground  water,  it  must  infallibly  be  polluted 
with  the  cesspool  soakage.  The  direction  of  (low  of  the 
underground  water  can  usually  be  determined  from  the 
contour  of  the  surrounding  country  ;  and  this  evidence 
can  be  confirmed  by  observations  on  the  height  of  the 
underground  waiter  at  different  places,  as  determined 
by  the  height  of  the  water  above  ordnance  datum  in 
different  wells;  for  the  level  of  the  underground  water 
falls  as  it  approaches  its  outlet  in  springs,  lakes,  streams. 
or  rivers,  givnng  rise  to  a  curve  which  has  been  already 
considered  (see  p.  27). 

When,  however,  the  amount  of  water  abstracted  is 
sufficiently  great  to  cause  a  considerable  depression  of 
the  water  in  the  well,  the  conditions  are  altered,  for  the 
well  then  drains  an  area  all  round  it  in  the  form  of  a 
circle ;  that  is  to  say,  the  water  in  the  well  is  renewed 
not  only  from  above — as  regards  the  liow  of  under- 
ground water— but  from  below  ;  and  in  such  a  case  it 
would  not  matter  what  position  the  well  had  to  the 
cesspool,  if  the  cesspool  was  included  within  the  area 
drained  by  the  well,  for  pollution  must  inevitalily  occur. 
The  distance  within  which  a  wtM  draws  water  to  itself, 
when  its  own  water-level  has  been  depressed  by  pump- 
ing, depends  on  the  amount  of  the  depression  and  on 
the  nature  of  the  soil. 


The  surface  of  the  undergrounc 
the  circle  drained   by  a  well  depressed 


ter  in  the  area  of 
by  pumping  has 


the  form  of  a  curve,  analogous  to  the  natutaV  cxiXNe  qV 
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the   underground   water,   with  steep   vertical   gradient 
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fifar  the   well,  but  rapidly  becoming  more  nearly  lion- 
zoDtal  as  the  distance  from  the  well  increases  (lig.  2). 
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We  have  thus  seen  that  the  conditions  which  deter- 
mine the  freedom  or  otherwise  of  a  shallow  well  from 
cesspool  or  sewage  pollution  are:  (i)  Its  position  as  to 
cesspools  or  other  sources  of  pollution,  with  regard  to 
the  flow  of  underground  water ;  (2)  the  amount  of  de- 
pression of  water  level  in  the  well  which  may  be 
produced  at  any  time  by  pumping ;  (3)  the  nature  of 
the  soil  in  which  the  well  is  suak,  as  regards  porosity 
and  the  easy  passage  of  water.  It  is  quite  possible, 
if  these  conditions  arc  attended  to,  to  sink  a  well  that 
shall  be  uncontaminablc  in  or  near  a  village,  in  which 
the  shallow  wells  are  generally  polluted  with  cesspool 
soakage. 

The  well  must  be  sunk  in  such  a  position  as  regards 
f)ossible  sources  of  pollution  that  the  underground  water 
flows  from  the  well  to  the  sources  of  poiiution.  The 
distance  of  the  well  from  such  possible  puiluting  sources 
should  be  from  100  to  160  times  ihc  depression  of  llie 
water  in  the  well  that  is  ever  likely  to  be  pnxhicctt  by 
pumping,  this  distance  varying  with  the  nature  of  the 
soil.  The  mouth  of  the  well  should  be  closed  over, 
and  the  water  raised  by  an  iron  pump;  draw  wells, 
where  the  water  is  raised  by  a  windlass,  chain,  and 
bucket  through  an  open  mouth,  are  liable  to  accidental 
contamination  from  refuse  being  thrown  in,  or  animals 
falling  m.  To  prevent  contamination  fron>  impure 
surface  washings,  the  mouth  of  the  well  should  be 
protected  by  a  coping,  and  the  drainage  water  from 
the  pump  conducted  away  to  a  safe  distance. 

If  the  porous  stratum  in  which  the  well  is  sunk  is 
of  considerable  thickness,  the  underground  water  being 
30  feet  or  more  from  the  surface,  the  sides  of  the  well 
for  at  least  20  feet  should  be  imperviously  steined  with 
brickwork  set  in  and  lined  with  hydraulic  cement ;  or 
cast  or  wrought  iron  cylinders  may  be  em^lo^evi  fail 
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lining  the  upper  portion.  If  this  is  done,  water  per- 
colating from  the  surface  must  pass  through  at  least 
30  feet  of  soil  before  entering  the  well.  In  its  passage 
through  the  soil,  the  organic  impurities  in  the  water 
will  be,  to  a  certain  extent,  removed.  The  less  the 
fluctuation  in  level  of  the  subsoil  water,  the  more 
likely  is  the  supply  to  be  permanent,  and  tlie  less  the 
liability  to  contamination. 

It  is  a  curious  circumstance  in  regard  to  the  grossly 
polluted  waters  of  many  shallow  wells,  that  they  are, 
as  a  rule,  clear,  sparkling,  and  very  palatable.  The 
organic  filth  from  cesspools  and  drains,  in  its  passage 
through  even  a  few  feet  of  porous  soil,  is  filtered  and 
deprived  of  suspended  matters,  bui  without  losing  its 
dangerous  properties.  The  shallow  well  into  which 
tlie  filth  percolates  is  found  to  furnish  a  water  loaded 
with  ammonia  and  chlorides — evidences  of  sewage 
(urine)  contamination — with  organic  matter  in  solution, 
and  with  nitrates  and  nitrites,  the  oxidized  residues 
of  organic  matters;  but  yet,  from  its  containing  abun- 
dance of  carbonic  acid  gas,  the  water  is  sparkling  and 
palatable.  If  such  a  water,  however,  is  put  in  a  bottle, 
and  kept  in  a  warm  place,  it  very  soon  becomes  turbid, 
tlien  putrid,  and  is  found  to  swarm  with  bacterial  life. 
Such  wells  too,  after  a  heavy  rainfall,  are  very  liable 
to  furnish  a  turbid  and  foul-snieliing  water  which 
nobody  would  think  of  drinking.  The  heavy  rain 
waslies  foul  substances  in  the  soil,  derived  by  soakagc 
from  manure-heaps,  middens,  privies,  leaky  drains,  or 
cesspools,  straight  inlo  the  well,  no  time  being  allowed 
for  that  filtering  and  partial  purification  which  does  so 
much  to  give  the  well  water  at  ordinary  times  its  pure 
and  deceptive  appearance. 

Polluted  shallow  well  waters  are  usually  hard,  and 
therefore  uosuitcd  for  domestic  purposes.     The  hard- 
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ness  is  largely  due  to  the  polluting  liquids  which  find 
their  way  into  the  well,  but  little  being  caused  by  the 
mineral  salts  present  in  the  strata  through  which  the 
well  is  sunk.  Another  source  of  pollution  of  shallow 
wells  is  the  vicinity  of  graveyards,  especially  when  the 
subsoil  water  is  liable  to  rise  up  to  the  level  of  the 
coffins.  What  has  been  already  said  as  to  cesspool 
pollution  is  quite  as  applicable  to  the  dangerous  pollu- 
tion arising  from  this  source,  especially  as  regards  the 
flow  of  underground  water,  whether  it  be  from  the  well 
to  the  graveyard,  or  from  the  graveyard  to  the  well. 

Tube  wells  are  contrivances  for  obtaining  water  from 
superficial  porous  strata  by  means  of  borings.  They 
were  largely  used  during  the  Abyssinian  campaign, 
where  the  occupation  of  any  piece  of  ground  was 
necessarily  temporary,  the  tube  being  quickly  sunk 
and  as  quickly  withdrawn,  An  iron  tube  with  a  steel 
nozzle  and  perforations  at  its  lower  end  for  the  passage 
of  water  is  driven  into  the  ground  by  a  driving  weight 
or  "monkey";  before  it  has  altogether  disappeared  into 
the  ground  another  length  of  tube  is  screwed  on,  and 
this  is  then  driven  into  the  soil.  Successive  lengths 
of  tube  are  attached  until  a  depth  of  20  to  28  feet  is 
reached,  when  a  hand-pump  is  screwed  on  the  top,  and 
the  water  pumped  out.  Difficulty  is  often  experienced 
from  sand  blocking  the  lower  part  of  the  tube  and  the 
perforations.  The  sand  must  be  dislodged  by  a  clearing 
tool,  or  pumped  out  until  a  space  free  from  sand  is 
formed  around  the  nozzle,  and  the  water  issues  clear 
and  bright.  These  tube  wells  are  most  suitable  where 
the  distance  of  the  water  from  the  surface  of  the  ground 
is  not  more  than  a  few  feet,  and  it  is  sometimes  advan- 
tageous to  drive  one  from  the  bottom  of  an  ordinary 
well  to  increase  its  yield. 

De(p  wells  are  those  wliich  are  sunk  Vo  cotv'i\<\e,^^\«i. 
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depths  in  search  of  water  through  regular  geological 
strata  such  as  chalk,  oolite,  and  sandstone.  Those 
also  are  known  as  deep  wells  which  pass  through  a 
supcrticial  porous  l>ed  and  an  underlying  impermeable 
stratum  to  reach  water-bearing  strata  at  greater  depths, 
though  often  at  no  great  distance  from  the  surface.  In 
sinking  a  deep  well,  as  soon  as  the  water- bearing  strata 
are  reached  the  water  often  rises  rapidly,  and  may  even 
overflow  at  the  surface. 

If  the  sides  of  a  deep  well  of  this  nature  are  properly 
steined  with  brickwork  set  in  cement  as  far  down  as  the 
impermeable  stratum,  surface  waters  and  underground 
water  resting  on  this  stratum  are  entirely  excluded,  and 
the  well  is  freed  from  those  sources  of  pollution  which  so 
often  contaminate  shallow-well  waters.  Steining  should 
also  be  applied  to  deep  wells  sunk  through  porous  strata 
for  the  whole  of  the  depth  of  such  strata  ;  in  this  way 
surface  pollutions  are  compelled  to  pass  through  con- 
siderable thicknesses  of  soil  before  reaching  the  well. 
Where  the  well  is  deep  or  where  hard  rock  has  to  be 
pierced,  it  must  be  either  bored  or  excavated.  In  hard 
chalk,  new  red  sandstone,  oolites,  and  limestones,  the 
wells  require  no  lining,  but  in  clays,  marls,  and  in  all 
free  and  broken  strata  they  should  be  steined. 

The  water  which  supplies  deep  wells  has  usually 
travelled  a  long  distance  since  it  fell  as  rain  on  the 
surface  of  the  earth.  The  outcrop  of  the  water-bearing 
Strata  on  the  surface  may  be  many  miles  from  the  spiot 
at  which  the  well  is  sunk,  as  is  the  case  with  the  deep 
wells  in  the  chalk  sunk  thtough  the  London  Ijasin. 

The  London  basin  is  interesting  as  an  example  of 
a  geological  formation  with  water-bearing  strata  in  dif- 
ferent rocks  at  varying  depths  from  the  earth's  surface 
(fig.  3).  Most  superficially  arc  the  subterranean  waters 
in  the  beds  of  gravel  or  alluvii^m  of  but  slight  thickness 


WATER. 


37 

These 


(lo  to  30  feet)  upheld  by  the  London  clay, 
waters  supplied  the  shal-  jv 
low  wells  which  formerly 
formed  so  large  a  part  of  the 
water  supply  of  London. 
After  boring  through  the 
London  clay  (100  to  400  feet 
in  the  neighbourhood  of  Lon- 
don) water  is  again  reached 
— or  was  before  these  strata 
were  exhausted  —  in  the 
Lower  London  Tertiaries, 
beds  of  sand,  grave!,  or  clay 
of  variable  thickness  (20  to 
lOD  feel)  with  limited  out- 
crops beyond  the  edge  of  the 
London  clay,  and  more  or 
less  surrounding  it  as  they 
rise  from  the  margin  of  the 
basin.  Having  such  a  limit- 
ed exposure  to  rainfall,  the 
water  which  accumulated  in 
the  deep  strata  of  thestv 
beds  under  the  London  clay 
was  soon  exhausted,  when 
numerous  wells  were  sunk 
into  them. 

Beneath  the  Lower  Lon- 
don Tertiaiies  comes  the 
chalk,  with  its  outcrop  in 
the  chalk  hills  and  downs, 
north,  south,  and  west  of  the 
Thames  basin,  and  many 
miles  from  its  centre.  The  outcrop  forms  a  very  ex- 
tensive   catchment   area    for   rain,   which,  ■^e\cc\'i!L\\xv^ 
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through  the  joints  and  fissures  of  the  chalk,  gives  rise 
to  vast  reservoirs  of  subterranean  water  in  the  under- 
ground extension  of  this  rock  beneath  the  tertiary  beds 
of  the  London  basin.  As  the  London  basin  is  hollowed 
into  the  form  of  a  shallow  trough,  the  sides  of  the 
trough  being  the  outcrop  of  the  chalk  in  hills  and 
downs,  it  follows  tliat  the  water  in  the  chalk  is  also 
trough-shaped,  and  that  when  wells  or  borinfjs  are  sunk 
into  it  near  the  centre  of  the  London  basin,  the  water 
tends  to  rise  in  the  boring,  and  may  even  overflow  at 
the  surface  forming  true  Artesian  wells.  In  conse- 
quence of  the  number  of  borings  drawing  water  from 
the  chalk  near  London,  the  water  level  has  been 
lowered ;  and  borings  have  now  to  be  made  deeper 
than  formerly.  Owing  to  the  joints  and  fissures  in 
the  chalk  allowing  a  free  passage  for  water,  the  distance 
which  a  well  or  boring  drains,  when  its  water  level  is 
depressed  by  pumping,  is  very  great ;  and  thus  borings 
at  considerable  distances  from  one  another  are  mutually 
affected  by  continued  pumping  in  any  one  of  them.  If 
a  boring  in  the  chalk  should  not  happen  to  open  up  any 
fissures  or  cracks,  it  may  supply  but  a  limited  quantity 
of  water,  or  none  at  all. 

Beneath  the  chalk  is  the  upper  greensand  in  thin 
l>c<ls  (10  to  30  feet)  with  a  very  limited  outcrop  around 
the  edge  of  the  chalk  ;  and  beneath  this  again  is  the 
gault,  a  bluish  clay  with  an  average  thickness  of  130  to 
200  feet.  I'nder  the  gault  lies  the  lower  grcensantl  in 
very  ihin  l>ods,  often  completely  thinne<l  out,  and  there- 
fore absent.  Although  the  greensands  are  rocks  per- 
meable to  water,  neither  the  upf>er  nor  lower  beds  have 
yielded  water  in  any  quantity  to  deep  borings  in  the 
neightwurhood  of  London.  Their  outcrop  is  very 
limited,  with  but  a  small  exposure  of  catchment  area 
for  rain  ;    and  these  formations  appear  also  to  thin  out 
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considerably  in  their  underground  extensions  towards 
the  centre  of  the  i)asin.  Near  their  outcrops  in  many 
places  the  greensands  furnish  abundant  supplies  of 
water. 

Several  borings  made  in  or  near  London  have  passed 
through  all  the  strata  above  mentioned  into  the  primary 
rocks  beneath.  In  making  these  borings  it  is  usual  to 
excavate  a  wide  well-hole  for  some  depth,  from  the 
bottom  of  which  a  bore  tube  of  small  diameter  is  sunk. 
The  water  should  rise  through  the  bore  tube  in  sufficient 
volume  to  form  a  reservoir  in  the  lower  part  of  the  well- 
hole,  from  which  it  can  be  pumped  to  the  surface  from 
considerable  depths.  Boring  tools  of  large  diameter 
have  been  recently  introduced,  and  these  are  found  less 
costly,  whilst  the  borings  are  more  easily  made.  At 
some  new  works  in  the  chalk  at  Southampton,  the  bore 
tulles  are  6  feet  in  diameter.  It  has  been  in  many  cases 
found  that  the  driving  of  headings  ("  galleries ")  and 
adits  horizontally  below  the  water  level,  is  more  efTcc- 
tive  in  increasing  the  yield  of  wells  than  deepening 
them,  as  the  area  of  collection  of  water  is  thereby  in- 
creased, and  there  is  a  greater  likelihood  of  striking  the 
fissures  from  which  the  largest  volumes  of  water  are 
obtained. 

Artesian  wells,  so  called  froin  the  province  of  Artois  in 
France,  where  they  have  long  been  in  use,  are  formed 
when  a  boring  taps  a  sulHerranean  reservoir  confined  in 
a  permeable  stratun)  liy  impermeable  strata  above  and 
below,  the  permeable  stratum  having  its  outcrops  on 
the  surface  at  considerably  higher  levels  than  the  sur- 
face of  the  ground  where  the  boring  is  sunk.  The 
subterranean  reservoir  is  consequently  basin-shaped; 
and  the  water,  when  tapped  at  the  lower  part  of  the 
basin,  strives  to  regain  its  level  by  flowing  up  the 
boring  and  spouting  out   at    its   mouth.      The  waters 
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which  feed  these  wells  often  come  from  a  great  dis- 
tance, the  outcrops  of  the  permeable  strata  on  eachd 
side  of  the  basins,  which  are  the  catchment  areas  fori 
the  rain,  being  sometimes  60  or  70  miles  from  the  welll 
in  a  straight  line.  The  best  Artesian  wells  are  foundi 
in  the  chalk. 

The  water  supplied  by  deep  wells  is  generally  re- 
markably free  from  organic  impurities,  even  when  sunk 
in  the  midst  of  large  cities.  Nitrogen,  as  nitrates  and 
nitrites,  is  usually  present  in  deep  well-waters;  the 
other  mineral  constituents  of  the  well-water  depend 
chiefly  on  the  strata  through  which  the  water  has^ 
percolated,  and  on  the  solubility  of  the  component 
elements  of  these  strata  by  water  charged  with  carbonic 
acid. 

The  yield  of  water  from  a  well  can  be  only  ascertained  1 
by  pumping  down  to  a  certain  level,  and  observing  the! 
length   of  time   required    for   the   water   to   regain    its] 
original  level.     In  this  country  the  largest  supplies  of  j 
deep   well-water    are    obtained    from    the    chalk,    the 
cx)tite,  and  the  new  red   sandstone.      An  atmospheric 
or   common    pump    cannot    be   depended   on    to   raise 
water  more  than   27  to  28   feet.     Centrifugal  pumps 
are  made  to  raise  water  over  100  feet;  by  the  revolu-J 
tion  of  blades  working  in  a  case  the  water  is  drawn 
up   in    a   continuous  strean>    and   forced  into  a   rising 
main.     Powerful  force-pumps  are  employed  in  raising! 
the  water  from  great  depths. 

The  motive  powers  for  driving  pumps  are:    (i)  thei 
wind  ;  (2)  water  power,  as  by  the  hydraulic  rani,  water- 
wheels  or  turbine";,  and  (3)  fuel  engines  to  protiuce  steam 
when  neither  wind  nor  water  power  is  available. 
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Composition  of  Water   from  Various  Sources. 


The  nature  and  amount  of  the  organic  pollution  to 
which  water  from  various  sources  is  liable,  is  such  a 
variable  quantity,  that  it  is  useless  and  misleading  to 
attempt  any  classification  under  this  head  ;  for  it  is 
local  circumstances  that  will  determine  whether  a 
shallow  well-water  is  polluted  or  a  deep  well-water 
is  pure.  Generally  speaking,  however,  the  purest 
waters  are  derived  from  deep  springs  and  wells  and 
upland  surfaces,  wliile  the  waters  from  the  subsoil, 
from  cultivated  surfaces,  and  from  rivers  are  especially 
liable  to  be  organically  polluted.  But  the  character 
of  the  soil  and  subsoil  from  which  the  water  is  collected 
influences  its  composition  to  an  extent  which,  though 
variable,  may  be  approximately  defined. 

I.  Surface  Waters, — Those  waters  collected  from  the 
hard  surfaces  of  the  practically  impervious  rocks  which 
support  little  animal  or  vegetable  life  arc  very  pure. 
They  commonly  contain  less  than  10  parts  of  total 
solids,  5  of  total  hardness,  i  of  chlorine,  and  o'l  of 
nitrogen  as  nitrates,  in  100,000  parts  of  water.  The 
mineral  solids  consist  mainly  of  sodium  carbonate 
and  chloride,  .ind  a  trace  of  lime  or  inagnesi.i.  The 
variable  amount  of  organic  matter,  which  is  often 
exclusively  of  vegetable  origin  (peat),  yields  practically 
no  free  ammonia ;  but  the  organic  anmionia  figure  and 
that  of  the  oxygen  absorbed  by  organic  matter  may  be 
high,  in  which  case  the  water  is  often  highly-coloured 
and  acid  in  reaction.  Such  characters  are  presented 
by  the  waters  collected  from  the  surfaces  of  the  igneous, 
metamorpbic  (quartz,  mica,  granite,  &c.),  Cambrian, 
Silurian,  and  Devonian  rocks. 

The  waters  from  the  surface  of  the  non-calcareous 
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carboniferous  rocks  (Yoredale  rocks,  millstone  grits, 
and  coal  measures)  are  very  similar ;  but  those  which 
have  flowed  over  the  surfaces  of  the  calcareous  carbon- 
iferous rocks — the  mountain  limestone  and  limestone 
shales — differ  from  the  former  in  possessing  a  moderate 
degree  of  hardness,  higher  total  solids,  and  a  neutral  or 
faintly  alkaline  reaction.  The  minerals  solids  consist 
chiefly  of  sulphate  and  carbonate  of  calcium  and 
magnesium. 

Surface  waters  from  the  lias,  new  red  sandstone, 
magnesium  limestone,  and  oolite  may  vary  considerably 
in  their  composition.  The  total  solids  are  generally 
l>etween  lo  and  20  parts  per  ioo,cmdo,  the  total  hardness 
between  10  and  15  parts,  the  chlorine  is  below  2. parts 
per  100,000,  and  the  nitrogen  as  nitrates  below  0-2  of  a 
part. 

Clay  waters  are,  as  a  rule,  opaque,  from  a  variable 
quantity  of  suspended  matter,  but  generally  there  are 
few  dissolved  solids,  and  the  water  is  fairly  soft.  They 
vary,  however,  greatly  in  their  composition.  The 
waters  collected  from  cultivated  land  present  great 
variations  in  composition,  and  the  total  hardness  may 
range  from  5  to  20  parts  per  100,000,  according  as  to 
whether  the  soil  is  non-calcareous  or  calcareous.  Allu- 
vium is  generally  a  mixture  of  sand,  clay,  and  organic 
matter;  and  waters  from  such  a  source  generally  con 
tain  high  mineral  solids  (50  to  100  parts),  consisting  of 
calcium  and  magnesium  sidts,  sodium  chloride,  iron, 
and  silica. 

2.  Wattrf  from  a  Depth. — Those  collected  from  the 
chalk  arc  generally  clear,  bright,  and  well  charged 
with  carbonic  acid.  The  total  solids  are  generally 
from  25  to  50  paits  per  100,000,  and  the  total  hardness 
from  15  to  30  parts;  the  hardness  is  mostly  temporary, 
and  calcium  carbonate  may  vary  from  10  to  30  parts. 
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The  chlorine  is  commonly  from  2  to  3  parts,  but  it  may 
reach  a  higher  figure  in  some  pure  chalk  waters.  The 
nitrogen  as  nitrates  is  below  0-5  part  per  100,000,  and 
is  commonly  about  o'2.  Sulphates  are  present  in  small 
quantity,  and  there  is  often  a  trace  of  phosphates  and 
of  iron.  Although  the  carbonic  acid  present  is  often 
sufBcient  to  turn  blue  litmus  red,  when  this  is  driven 
ofT,  an  alkaline  reaction  is  invariably  obtained. 

Waters  from  the  oolite,  present  characters  very 
similar  to  those  from  the  chalk. 

Those  derived  from  limestone  and  magnesium  lime- 
stone formations  only  differ  from  the  chalk  waters  in 
generally  containing  more  total  solids,  far  more  calcium 
or  magnesium  sulphate  (which  may  reach  nearly  20 
parts  per  100,000),  and  less  calcium  or  magnesium  car- 
bonate, and  by  consequence  the  hardness  is  generally 
higher  and  to  a  greater  degree  permanent. 

In  dolomite  districts  the  mineral  solids  contain  much 
magnesium  carbonate  and  sulphate,  and  a  large  pro- 
portion of  the  total  hardness  is  permanent,  dolomite 
being  a  double  carbonate  of  lime  and  magnesia. 

The  greensands  are  porous  strata  containing  a  re- 
ducing salt  of  iron,  which  by  reducing  oxidized  nitrogen 
to  ammonia  often  furnishes  to  the  water  a  very  high 
figure  of  free  ammonia.  The  total  solids  vary  consider- 
ably, but  they  sometimes  approacii  100  parts  per  100,000 
where  the  water  is  collected  at  great  depths  from  green- 
sand  underlying  the  chalk  ;  the  chlorine  may  reach  a 
figure  of  from  4  to  14  parts;  the  total  hardness  (much  of 
which  is  permanent)  is  very  variable — from  a  low  to  a 
high  figure ;  and  the  nitrogen  as  nitrates  is  generally 
from  about  0*3  to  o-6  part  per  100,000 

Waters  from  red  sandstone  strata  vary  considerably 
in  their  composition,  according  as  the  deposit  is  pure  or 
impure,  soft  or  hard.     The  total  solids  aud  VQ\.a,\.\v\«^- 
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ness  are  both  sometimes  high,  and  the  former  may 
reach  loo  parts  per  loo.ooo;  the  latter  is  mainly  of  a 
permanent  nature,  but  the  water  may  sometimes  be 
soft,  and  possess  a  total  hardness  figure  not  exceeding 
lo  parts  per  100,000.  The  chlorine  may  vary  from 
2  to  6  parts  per  100,000;  and  traces  of  phosphates  are 
always  to  be  detected  in  the  mineral  solids,  which 
mainly  consist  of  sodium  chloride,  carbonate,  and  sul- 
phate, calcium  and  magnesium  carbonates  and  sul- 
phates, and  a  trace  of  iron. 

Waters  from  selenitic  deposits  are  often  harmful  to 
drink,  on  account  of  the  large  proportion  of  calcium 
sulphate  (10  to  30,  or  more,  parts  per  100,000),  which  is 
taken  up  from  the  deposit,  this  consisting  of  calcium 
sulphate  in  clear  crystals. 

Waters  collected  from  loose  santis  are  of  variable 
composition.  Some  are  soft,  with  total  solids  of  from 
only  6  to  12  parts  per  100,000,  ami  others  are  rather 
hard  (permanent)  witli  mineral  solids  amounting  to 
even  100  parts  per  loo.txK).  The  cliloriiic  figure  is 
generally  rather  high,  and  may  amount  to  a  high  figure 
in  some  cases.  The  mineral  solids  consist  of  sodium 
chloride,  carbonate,  and  sulphate,  calcinui  and  mag- 
nesium salts,  and  traces  of  iron  and  silica.  Those  from 
gravel  are  generally  soft,  but  some  are  hard,  with  high 
total  solids. 

Waters  coming  from  a  depth  in  the  lias  clays  have 
generally  very  high  mineral  solids  (often  consisting 
largely  of  calcium  and  magnesium  sulphate).  There 
is,  as  a  rule,  considerable  opacity,  and  the  physical 
characters  f,enerally  are  not  favourable  to  the  water. 
The  hardness,  which  is  almost  entirely  permanent,  is 
generally  over  20,  and  the  mineral  solids  may  reach  300 
parts  per  100,000. 

Deep  wells,  when  protected  from  surface  drainage  in 
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their  upper  parts,  are  but  rarely  polluted,  even  when 
situated  in  the  centre  of  towns.  But  it  does  occasion- 
ally happen  that  liquid  soakage  froii)  sewers  or  cess- 
pools finds  its  way  into  fissures  in  chalk  or  sandstone, 
which  conduct  it  to  the  water  of  the  well,  unhltered  and 
therefore  unpurified,  and  pregnant  with  danger  to  the 
consumers.  Deep  wells  in  Liverpool  and  other  places 
have  been  closed  for  this  reason. 

The  following  facts  will  be  found  of  value  in  seeking 
for  water.  In  comparatively  flat  districts,  trials  should 
be  made  by  Norton's  tube  wells  at  the  lowest  sites  on 
the  survey.  The  part  most  covered  by  herbage  is 
probably  the  site  where  the  water  reaches  nearest  to 
the  surface.  The  same  fact  is  sometimes  denoted  by 
localised  early  morning  mists  or  swarms  of  insects.  The 
nearer  the  sea,  the  more  likely  is  water  to  be  found,  but 
if  too  near  the  sea  the  water  may  be  brackish. 

In  hilly  country  a  search  should  be  made  in  the 
deepest  valleys,  especially  the  side  of  the  valley  towards 
the  highest  Iiill,  and  at  the  junction  of  two  long  valleys. 
If  there  is  any  evidence  of  an  original  watercourse  at 
this  point,  water  is  often  found  at  no  great  depth.  A 
knowledge  of  the  dip  of  the  strata  in  the  district,  and 
the  situation  and  area  of  their  outcrop,  is  of  the  greatest 
value  in  such  an  investigation. 


Quantity. 


The  water  supplied  to  a  community  must  be  good  in 
quality  and  abundant  in  (juantity.  Impure  waters  are 
liable  to  cause  injury  to  the  health  of  those  who  drink 
them  ;  whilst  deficiency  of  water  means  want  of  clean- 
hness,  with  its  ensuing  discomfort  and  dangers. 

Water  is  rerjuired  for  the  following  puxposts  ».w^  v^ 
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Household 


the   undermentioned   quantities  for  each  (representing 
average  requirements) :  — 


/Fluids  as  drink 
Cooking  .... 

I  Personal  ablution  . 

1  Utensil  and  house  washing    . 
Clothes  washing  (laundry) 
Water  closets 
Trade  and  Manufacturing  .... 
Cleansing  streets  . 
Public  baths  and  fountains   . 
Flushing  and  cleansing  sewers 
^Extinguishing  hres 


Municipal 


I 
I 


Total 

The  quantities  of  water  given  above  as  required  for" 
the  household  are  those  which  are  necessary  to  main- 
tain a  gfxxl  condition  of  cleanliness.  The  5  gallons  for 
personal  ablutions  would  allow  a  daily  sponge  bath  for 
each  person.  If  each  person  has  also  a  weekly  general 
bath  of  from  30  to  40  gallons,  5  gallons  extra  per  head 
daily  must  be  added. 

In  towns,  5  gallons  per  head  daily  is  found  to  be 
ordinarily  sufficient  for  municipal  purposes ;  and  the 
same  amount  is  required  besides,  on  the  average,  for 
manufacturing  and  trade  purposes.  Water  is  also  re- 
quired for  animals — drinking,  washing,  and  cleansing 
of  stables.  About  16  gallons  daily  for  each  horse,  and 
10  gallons  for  every  cow,  arc  average  requirements. 

On  the  whole,  it  may  be  said  that  not  less  than  30 
gallons  per  head  daily  of  the  population  should  be  sup- 
plied to  every  town.  There  will  always  be  some  waste 
in  households  from  leaky  taps  and  fittings,  and  this 
mubl  be  provided  for.     The  greater  part  of  the  waste, 
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however,  very  often  takes  place  from  the  mains,  before 
the  water  reaches  the  consumer.  In  some  towns  it  has 
been  found  that  as  much  as  one-lialf  or  two-thirds  of 
the  total  water  supply  leaks  out  of  the  mains  into  the 
soil. 

The  amount  of  water  actually  utilised  in  the  houses 
of  a  town  varies  enormously.  In  the  houses  of  the  poor 
it  may  be  only  2  or  3  gallons  per  head  daily  ;  whereas 
it  should  amount  to  from  12  to  15. 

The  supplies  per  head  in  the  various  towns  in  this 
country  vary  greatly.  London  is  said  to  have  a  supply 
of  from  35  to  40  gallons  per  head  daily ;  Glasgow  has 
50 ;  Norwich,  14^ ;  but  it  must  be  remembered  that 
these  are  not  the  quantities  available  to  the  consumers  ; 
for  the  amount  lost  in  leakage  through  the  mains  is 
generally  a  considerable  proportion  of  the  whole  supply, 
and  is  nearly  always  an  unknown  quantity.  The  adult 
human  being  consumes  daily  about  2i  pints  of  water  as 
drink,  and  about  another  2  pints  in  his  solid  food. 
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The  system  adopted  by  the  ancient  Romans  for  con- 
ducting the  water  collected  at  the  gathering  grounds 
into  their  cities  was  the  construction  of  masonry  aque- 
ducts built  on  arches,  with  a  gentle  incline  to  allow  of  a 
steady  flow  of  water  from  its  source  to  its  outflow  in  the 
city.  The  aqueducts  usually  crossed  the  valleys  on 
raised  aiches,  but  the  Romans  also  knew  how  to  con- 
struct inverted  siphons  of  lead  piping  for  the  passage  of 
the  water  across  valleys.  The  remains  of  the  reservoirs 
with  which  the  inverted  siphons  were  connected  on 
either  side  of  a  valley  are  still  to  be  seen  in  the  neigh- 
bourhood of  Lyons. 

The  water  supplied  by  public  companies  to  towns  in 
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this  country  is  now  usually  distributed  from  their  reser- 
voirs through  iron  pipes  lai<l  underground.  These  cast- 
iron  mains  are  sulijecl  to  much  rusting  and  corrosion, 
especially  when  the  water  is  soft.  Many  of  these  pipes 
have  been  found  niucli  weakened  by  corrosion  at  some 
places,  and  nearly  blocked  with  accumulated  rust  at 
othets,  the  water  also  being  deteriorated  in  quality.  It 
is  now  usual  to  coat  these  pipes  with  some  material 
which  is  unacted  on  by  water,  such  as  hot  pitch  or  coal- 
tar  (Angus  Smiths  method),  or  v^-itti  a  vitreous  glaze. 
The  magnetic  oxide  of  iron  produced  on  the  surface  of 
the  metal  by  HarfTs  process  is  also  coming  into  use. 
In  this  process  the  iron  pipes  are  heated  to  a  white 
heat,  and  then  exposed  to  superheated  steam  for  several 
hours.  The  practice  of  caulking  the  joints  of  these 
pipes  with  tow  or  gaskin  next  the  interior  of  the  pir»» 
and  then  running  the  joint  with  molten  lead,  was 
strongly  condemned  by  the  Rivers  Pollution  Comniis" 
sioncrs,  as  the  water  absorbs  impurities  from  the  tow 
and  hemp.  They  recommended  that  the  pipes  should 
have  turned  and  bored  joints,  or,  in  the  case  of  ntains 
large  enough  for  a  man  to  enter,  that  the  inside  of  the 
joint  should  he  pointed  with  Portland  cement.  The 
mains  should  have  scouring  valves  at  their  dead  ends, 
and  should  l>e  placed  at  a  minimum  depth  of  3  feet,  so 
as  to  be  protected  from  frost  and  sun.  All  the  service 
pipes  of  the  house  must  also  be  protected  from  extremes 
of  tcmfferature,  but  they  should  always  be  left  accessi- 
ble, and  if  concealment  is  necessary,  it  shoukl  only  be 
by  a  removable  wooden  casing.  On  freezing,  water 
exp.-inds,  and  the  pipe  may  burst ;  but  as  the  fracture  is 
not  discovered  untd  the  thaw  sets  in,  there  is  a  popu- 
lar impression  that  the  thaw  is  the  cause  of  the  pipe 
bursting. 

An  enormous  amount  of  leakage  takes   place   from 
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water  companies'  mains  in  many  towns,  from  slight 
settling  of  the  ground  after  laying,  or  from  the  vibration 
of  heavy  traffic  causing  fracture  of  the  pipes  and  joints. 
It  has  been  estimated  that  in  London  15  gallons  out  of 
the  35  supplied  per  head  daily  thus  run  to  waste  in  the 
soil.  The  loss  is  especially  great  where  the  supply  is 
constant  and  the  mains  always  kept  under  pressure. 
If  the  spots  at  which  leakage  occurs  could  be  known, 
the  pipes  could  be  easily  taken  up  and  repaired,  but  the 
difficulty  is  to  find  where  the  leaks  are.  This  difficulty 
has  l>een  overcome  by  Mr.  Deacon,  who  has  invented  a 
meter  wiiich  can  be  used  as  a  waste  detecter.  One  of 
these  meters  is  placed  on  each  district  main ;  it  registers 
the  flow  of  water  by  day  and  night,  and  therefore  the 
■waste,  for  the  water  flowing  through  the  main  during 
the  dead  of  night  is  not  used  by  the  consumers,  but  is 
running  to  waste.  Having  localized  the  waste  to  the 
district  supplied  by  a  district  main,  the  exact  spots 
where  the  leakages  are  taking  place  can  be  determined 
by  the  vibrations  thereby  produced  in  the  nearest  house 
communication  pipes,  which  can  be  distinctly  heard  on 
applying  the  ear  to  the  pipe.  By  this  system,  to  take 
one  example  only,  the  Lambeth  Water  Company  has 
reduced  its  consumption  from  34  gallons  per  heatl  per 
day  to  20  gallons,  the  quantity  available  to  the  con- 
sumer remaining  the  same. 

The  house  communication  pipes  in  nearly  all  towns 
are  of  lead,  connected  with  the  main  by  a  brass  screwed 
ferrule.  Lead  house  service  pipes  are  employed,  be- 
cause the  ductile  metal  can  be  easily  bent  as  occasion 
may  rerjuire  in  carrying  them  through  a  house,  and  they 
are  easily  jointed  and  rustless.  If  wrought  iron  pipes 
are  used,  double  screw  joints  should  l)e  provided  at 
convenient  points  to  admit  of  the  clearing  away  of  the 
rust,  which  oftpn  cboj^eg  na  unprotected  uow  ?.e.xN'vc.ft 
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pipe.  It  has  been  thought  that  lead  pipes  would  be 
acted  on  by  water,  especially  soft  water,  and  that  there 
might  be  danger  to  the  consumers.  Such  has  not  been 
found  generally  to  be  the  case,  for  although  new  lead 
pipes  .ire  undoubtedly  acted  on  by  soft  water,  an  oxide 
of  lead  being  formed  which  rapidly  ilissolves  again,  yet 
even  in  the  case  of  peaty  waters  there  is  often  a  deposit 
of  vegetable  matter  as  well,  which  prevents  all  further 
action  of  the  water  upon  the  metal.  The  Loch  Katrine 
water  acts  most  powerfully  on  lead  and  yet  no  sym- 
ptoms of  Icad-poisouing  have  ever  been  observed 
amongst  the  population  of  Glasgow. 

The  hard  waters,  which  contain  salts  of  lime  and 
magnesia,  either  have  very  little  solvent  action  on  lead, 
or  they  quickly  coat  the  ntetal  with  the  basic  carbonate 
or  sulphate  of  lead,  which  prevents  fiirthc-r  action. 
The  soft,  highly  oxygenated  waters  containing  organic 
niattets,  peaty  acids,  nitrites,  nitrates,  and  chlorides, 
arc  those  which  have  the  most  powerful  action  on 
lead,  the  oxide  of  lead  which  forms  upon  the  surface 
of  the  n)ctal  being  constantly  dissolved  and  carried 
away  in  the  water.  Where  lead-poisoning  is  feared, 
a  block-tin  pipe  or  a  coated  cast  or  wrought  iron  pipe 
should  be  substituted  for  the  lead  pipe.  Block-tin 
pipes  enclosed  in  lead  pipes  are  occasionally  used ; 
it  is  important  that  there  should  be  no  crack  or 
fracture  of  the  tin  lining,  otherwise  galvanic  action 
will  l>c  set  up  when  the  pipe  is  full  of  water,  and 
l.irge  quantities  of  lead  will  be  dissolved.  Great  care, 
moreover,  is  necessary  in  makmg  the  joints  on  this 
kind  of  piping,  as  the  heat  necessary  for  making  a 
jomt  in  the  lead  pipe  is  liable  to  melt  the  tin. 
I'ollutcd  shallow  well  waters  have  been  known  to 
have  a  very  powerful  and  persistent  solvent  action 
on  lead,  probably  from  their  containing  excess  of  car- 
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bonic    acid,   which   tends    to   dissolve   the   coating    of 
carbonate  of  lead  formed  in  the  pipe  or  cistern. 

It  has  been  suggested  that  the  varying  powers  of 
corroding  lead,  exhibited  by  soft  waters  of  apparently 
identical  chemical  composition,  are  influenced  by  the 
presence  or  absence  of  silica  in  the  water.  When  silica 
is  present,  even  in  the  proportion  of  only  half  a  grain 
per  gallon,  the  action  on  lead  is  said  to  be  very  slight. 
There  must  be  no  excess  of  alkali  in  the  water,  or  this 
inhibitive  action  of  silica  is  not  displayed.  By  passing 
distilled  waters  and  other  soft  waters  known  to  have  a 
corrosive  action  on  lead  through  a  filter  formed  of  layers 
of  sand,  broken  Hints,  and  granite,  enough  silica  is  taken 
up  to  reduce  the  lead-corrosive  power  to  one-thirtieth. 
Recent  experiment,  however,  seems  to  show  that  the 
alkaline  carbonate,  which  may  be  taken  up  from  the 
limestone,  may  be  an  even  more  important  factor  than 
the  silica.  The  waters  of  several  large  towns  in 
Yorkshire,  which  have  a  considerable  effect  on  new 
lead,  have  been  rendered  nearly  inactive  by  passing 
them  through  filters  constructed  as  above.  Some  of 
the  solvent  properties  of  these  waters  are  believed  to 
be  due  to  the  presence  of  peaty  acids  (humic,  ulmic, 
«S:c.),  and  if  the  acidity  is  thus  neutralized  the  plumbo- 
solvent  action  of  the  water  is  much  reduced.  After  the 
prolonged  drought  of  1887,  the  waters  in  the  Sheffield 
reservoirs  ran  very  low,  the  peaty  acids — derived  from 
the  gathering- grounds — were  not  diluted  to  the  usual 
extent,  and  a  severe  outbreak  of  lead-poisoning  occurred 
in  the  town.  In  other  cases  the  acidity  which  gives  the 
water  its  lead-dissolving  powers  may  be  due  to  the 
presence  of  free  sulphuric  acid  formed  by  oxidation 
of  iron  pyrites.  It  has  been  suggested  by  Mr.  Power, 
in  a  report  to  the  Local  Government  Board,  that  the 
biological  characteristics  of  a  walet — \.\\e  ^'ce^ieace  o\ 
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absence  of  bacterial  organisms — may  exercise  an  influ- 
ence over  its  "  plumbosolvent "  properties.     Tliere  is 
also  some  evidence  to  show  that  leaden  pipes  are  much 
more  rapidly  corroded  when  the  mains  are  intermittently  fl 
charged,  than  when  kept  under  constant  high  pressure. 

Water  companies  supply  water  to  their  customers 
either  on  the  constant  or  the  intermittent  system. 
Under  the  former,  the  aim  is  to  keep  the  mains 
constantly  charged  with  water  under  pressure,  so  that, 
the  house  pipes  being  also  always  charged,  no  storage 
of  water  on  the  premises  of  the  consumer  is  required. 
The  only  cisterns  which  should  be  required  in  a  house 
supplied  with  a  constant  service  of  water,  are  small  fl 
cisterns  or  water-waste  preventers  for  flushing  water-  ^ 
closets,  and  a  small  cistern  to  supply  water  to  the 
kitchen  boiler.  Under  the  intermittent  system,  the 
flow  of  water  in  the  mains  is  stopped,  except  for  a 
short  period  of  every  day,  by  the  turncock.  The  house 
pipes  are  only  charged  when  the  water  is  flowing  in  the 
main,  and  consequently  water  must  he  stored  for  use  on 
the  premises  when  the  pipes  are  empty.  The  merits 
and  drawbacks  of  each  system  we  will  now  proceed  to 
consider. 

Tlie  great  fault  of  the  intermitUnt  service  is  that  water 
must  lie  stored  on  the  premises  of  the  consumer. 
Water  stored  in  small  receptacles,  even  under  the 
most  favourable  circumstances,  deteriorates;  it  loses 
it:;  aerated  character,  becomes  flat  and  insipid,  and 
collects  impurities  from  the  air.  In  the  houses  of  the 
px>r,  water  is  often  stored  in  the  most  filthy  receptacles 
— wocKlen  butts  and  tubs  rotten  and  decayed  within,  or 
in  cisterns  exposed  to  the  air,  which  are  the  receptacles 
of  alt  sorts  of  filth  and  rubbish.  The  situations  in 
which  cisterns  are  often  found  on  such  property  are  the 
immediate  vicinity  of  the  w.c,  and   beneath   landing 


I 


WATER. 


53 


floors,  staircases,  or  even  bedroom  floors.  Even  in 
the  l>elter-class  houses  cisterns  are  often  placed  in  the 
most  improper  places,  as  under  stairs  or  floors,  where 
dust  and  dirt  fall  into  them,  or  inside  water-closets, 
where  the  air  is  loaded  with  foul  gases. 

The  same  cistern  is  far  too  frequently  used  to  flush 
water-closets  as  well  as  to  supply  the  drinking  water, 
which  may  hecotue  dangerously  polluted  in  this  way 
{see  Chapter  1 1.). 

Another  method,  hy  which  drinking  water  in  cisterns 
becomes  liable  to  a  very  dangerous  pollution,  is  the 
practice — now,  fortunately,  but  seldom  seen — of  con- 
necting the  "  standing  waste "  or  overflow  pipe  of  a 
cistern  with  a  drain  or  soil  pipe  of  the  house,  or  willi 
the  D  trap  uniler  a  water-closet.  It  may  be  that  the 
overflow  pipe  has  a  CO  bend  on  it  before  its  junction 
with  the  drain,  but  as  the  water  in  a  trap  quickly 
evaporates  when  not  renewed — and  the  water  in  this 
trap  can  only  be  renewed  if  the  ball-cock  of  the  cistern 
leaks — little  obstacle  is  presented  to  the  passage  of  foul 
air  from  drain,  soil  pipe,  or  D  trap,  up  the  overflow 
pipe,  where  it  escapes  over  the  water  of  the  cistern  {sec 
Chapter  II.).  The  overflow  pipe  from  the  cistern  should 
discharge  in  the  open  air  as  a  warning  pipe — at  some 
point  where  it  is  not  exposed  to  polluted  air. 

Besides  tlie  danger  of  pollution  of  water  in  cisterns 
hy  sewer  air,  dust,  soot,  and  accidental  contaminations 
such  as  dead  mice,  birds,  or  cockroaches,  the  material 
of  which  the  cistern  is  composed  is  an  important  factor 
as  regards  the  purity  of  the  water  stored  in  it.  Iron 
cisterns  rust  and  discolour  the  water  ;  zinc  in  small 
quantities  is  occasionally  dissolved  by  water;  lead  is 
dissolved  at  first  when  the  cistern  is  new,  but  rapidly 
becomes  coated  with  carbonate  or  sulphate  of  lead  when 
the  water  is  hard.     The  deposit  forms  a  lining  which 
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protects  the  surface  of  the  metal  from  further  action, 
and  it  is  for  this  reason  that  the  insiiie  of  a  leaden 
cistern  should  never  be  scraped  when  the  cistern  is 
being  cleaned  out.  Galvanized  iron  is  largely  used 
for  cisterns ;  they  are  generally  perfectly  safe,  but  have 
been  known  to  give  up  a  trace  of  zinc  to  the  water. 
Wrought  iron  cisterns  covered  with  a  vitreous  enamel 
may  also  be  safely  used.  Slate  is  a  good  material  for 
cisterns,  but  the  cemented  joints  must  not  be  repaired 
with  red  lead  when  they  leak,  as  they  often  do;  for  both 
white  lead  (a  mixture  of  carlionate  and  oxide)  and  red 
lead  (an  oxide)  are  soluble  in  water.  Stoneware  and 
fireclay  cisterns,  though  heavy,  are  very  valuable,  as 
they  give  up  nothing  to  water  and  no  joints  are  neces- 
sary. In  selecting  them,  however,  care  should  be  taken 
that  the  enamelling  or  glazing  is  not  rough  or  fractured. 
Water  should  never  be  left  in  contact  with  wood,  as 
wood,  when  constantly  wet,  rapidly  rots,  and  forms  a 
breeding  place  for  minute  worms  and  other  animal ' 
organisms. 

To  indicate  briefly  the  conditions  under  which  water 
may  be  safely  stored  in  houses : — (d)  The  cistern  should 
be  of  stoneware,  slate,  or  galvanized  iron  ;  (b)  it  should 
be  placed  in  a  light  and  well  ventilated  position,  and 
should  l>e  properly  covered  ;  (r)  it  must  not  be  used  to 
tlush  water-closets,  but  may  supply  the  "  intercepting" 
or  waste-preventing  cisterns  which  should  be  used  lor 
this  purpose  ;  (</)  the  overllow  pipe  must  be  carried  out 
into  the  open  air  to  terminate  as  a  warning  pipe;  (c)  the 
cistern  should  l>e  cleaned  out  at  least  once  in  every 
three  months. 

Cisterns  arc  occasionally  used  to  supply  water-closets' 
which  have  regulator  valves  on  the  supply  pipes  near  to 
the  basin.     .Mthough  there  if  but  little  danger  by  this 
arrangement  of  foul  air  hoding  its  way  into  the  drinking 
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water  of  the  cistern,  as  the  supply  pipe  is  always  full  of 
water  unless  the  cistern  is  empty,  still,  it  is  better  to 
break  the  connection  altogether  between  drinking  water 
cisterns  and  water-closets. 

Another  disadvantaf,'e  of  the  intermittent  service  is 
that  the  capacity  of  the  cistern  is  often  utterly  inade- 
quate— especially  in  poor  houses — for  the  wants  of  the 
people  who  depend  upon  it  as  their  only  source  of 
supply.  So  great  is  this  deficiency  of  storage  capacity 
in  many  parts  of  London,  that  the  water  companies 
erect  stand-pipes  in  courts  and  alleys,  which  are  con- 
nected with  a  main  always  under  pressure. 

The  advantages  of  an  intermittent  over  a  constant 
service  are  that  there  is  less  waste  inside  houses,  and 
that  the  service  of  pipes,  taps,  and  httiiigs  need  not  be 
so  strong  as  for  a  constant  service.  This  latter  point 
has  been  disputed,  as  regards  the  pif>cs,  on  the  ground 
that  there  is  a  greater  strain  on  the  pipes  where  the 
water  is  suddenly  turned  on  or  off  with  a  cotnmon  stop- 
cock, than  where  it  is  slowly  turned  on  or  off  by  the 
screw-down  tap  used  with  a  constant  service;  but  it 
must  be  remembered  that  with  a  constant  service  the 
water  in  the  house  pipes  is  under  a  much  higher  pres- 
sure than  where  the  pipes  are  connected  with  a  cistern 
in  the  house.  There  is  no  danger,  eitlier,  with  an  inter- 
mittent service  of  the  higher  parts  of  the  town  being 
without  water  on  account  of  great  waste  in  the  low  lying 
parts,  as  sometimes  occurs  with  a  constant  service. 

A  merit  often  claimed  for  the  constant  service  is  that  no 
storage  is  required  on  the  premises  of  the  consumer. 
The  water  drawn  from  the  taps  on  the  house  pipes  is 
clear,  cool,  and  sparkling,  in  the  same  condition  as  it 
leaves  the  water  companies'  mains  and  the  supply  is — 
or  should  be — abundant  and  never- failing.  But  experi- 
ence has  shown  that  it  is  generally  de&uaVAe.  \.o  \e\.?^YCL 
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or  provide  some  means  of  storing  water  on  the  premises, 
to  meet  requirements  when  tlie  supply  is  cut  off  on 
account  of  repairs  to  the  main  or  by  frost. 

It  has  been  suggested  that  the  shape  of  the  cistern  in 
common  use  should  be  modified  to  that  of  a  cylinder, 
ending  below  in  an  inverted  cone,  with  a  draw-off  pipe 
at  its  bottom  to  admit  of  the  flushing  away  of  any 
deposit  wliich  accumulates ;  the  service  pipe  from  the 
cistern  to  l>e  solderpd  into  the  side  like  the  present 
overflow  pipe,  but  of  course  lower  down,  and  the  lid  to 
l>e  tightly  fitting. 

In  houses  supplied  by  a  constant  service  it  is  a  good 
plan  to  obtain  a  direct  supply  for  drinking  purposes 
from  a  draw'-ofT  tap  fixed  on  the  service  pipe  on  its  way 
to  the  cistern. 

In  actual  practice  in  many  cases,  the  advantages  of 
a  constant  service  have  been  somewliat  mitigated  by 
errors  on  the  part  of  both  consumers  and  water  com- 
panies. Unless  constant  inspection  is  »,'xercised,  and 
the  taps  and  fittings  in  houses  frequently  supervised, 
there  is  great  waste.  This  occurs  especially  in  cases 
where  an  intermittent  service  has  been  changed  to  a 
constant  service,  and  the  old  pipes  and  fittings  have 
been  retained.  The  company,  to  economize  water,  shut 
it  ofT  from  the  house  pipes,  and  then  no  water  is  obtain- 
able perhaps  for  many  hours. 

Not  only  this,  l)ut  where  water  closets  are  flushed  by 
a  pipe  and  tap  dirtjcl  from  the  house  main,  without  the 
intervention  of  a  cistern  or  water-waste  preventer  — a 
not  unusual  occurrence  in  pcK^r  nc-ighbourlioods — there 
is  great  danger  of  foul  air,  or  even  itcjuid  filth,  being 
sucked  up  into  the  empty  pipe  when  the  tap  is  left 
unscrewed,  and  so  finding  its  way  into  lli<:  water  mains 
of  »  district.  The  suction  is  due  to  a  partial  vacuum 
being  created  in  the  water   mains  when   the  water  is 
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turned  off,  owing  to  tlie  water  finding  its  way  tlirougli 
leaky  joints  into  the  soil,  or  from  the  mains  being 
emptied  by  taps  on  house  pipes  at  a  lower  level.  Such 
occurrences  have  given  rise  to  epidemics  of  enteric 
fever  at  Croydon,  Cambridge  (C.iius  College),  Sher- 
borne, and  other  places.  They  illustrate  the  absolute 
necessity  of  breaking  the  connection  between  water- 
closets  and  water  mains  by  the  interposition  of  a  small 
cistern  or  water-waste  preventer. 
I  In  other  cases  tlic  companies  try  to  economize  by 

insisting  on  ttic  insertion  of  a  throttle  of  very  small 
diameter  (J  to  ,'g  inch)  into  the  house  communication 
pipe,  with  the  result  that  water  merely  dribbles  out  of 
the  house  taps  when  they  are  full  on.  In  any  case, 
screw-down  taps  must  be  substituted  for  common  taps, 
and  a  screw-cock  must  be  placed  on  the  house  pipe, 
■where  it  enters  the  premises,  to  shut  off  the  water  in 
case  of  a  pipe  bursting.  A  drip-tap  should  also  be 
placed  on  a  pipe  at  the  lowest  part  of  the  system,  by 
which  it  may  he  emptied  during  frost.  All  tlie  leaden 
service  pipes  of  a  house  should  l>e  strong  (12  pounds 
per  lineal  yard  for  i-inch  pipes,  and  6  pounds  per 
lineal  yard  for  ^inch  pipes),  in  order  to  withstand  the 
constant  pressure  to  which  tliey  are  subjected.  If 
pressure  is  maintained  in  the  mains  by  punvping,  and 
not  by  storage  in  a  high-level  reservoir,  greater  power 
must  be  used  in  the  morning  of  every  day,  this  being 
the  time  when  the  largest  (quantities  of  water  are  drawn 
for  domestic  use.  The  difficulties  in  the  way  of  the 
adoption  of  a  constant  service  are  doubtless  great,  but 
they — especially  great  waste  of  water — can  be  overcome 
by  the  use  of  Deacon's  waste-water  meter  on  the  district 
mains,  and  by  frequent  supervision  of  house  taps  and 
fittings.  The  supply  of  water  by  meter  would  tend 
greatly  to  check  waste,  but  is  not  advisable  in  tlie  case 
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of  poor  populations,  as  Ihe  inevitable  stinting  of  water 
that  would  follow  would  have  great  sanitary  disadvan- 
tages. For  trade  purposes  it  is  the  most  just  and 
reasonable  method.  Water  meters  are  either  "  posi- 
tive," and  indicate  by  the  number  of  times  a  cylinder  of 
known  capacity  is  filled,  as  shown  on  a  dial;  or  they 
are  "inferential,"  when  the  amount  of  water  whicli  has 
passed  through  them  is  inferred  from  the  velocity  of  the 
flow,  as  registered  on  a  dial. 

There  is  one  danger  to  which  water  mains  are  subject, 
which  has  not  yet  been  alluded  to.  If  water  mains  and 
sewers  are  laid  in  the  same  trench,  there  is  a  possibility 
of  foul  matters,  which  have  escaped  into  the  soil  from 
leaky  sewers,  being  sucked  into  the  water  mains,  if 
these  are  in  any  way  defective,  during  intermissions 
in  the  service.  In  a  similar  manner,  too,  water  mains 
may  suck  in  from  the  surrounding  soil  coal  gas  which 
has  escaped  from  leaky  gas  pipes  and  mains,  for  experi- 
ments prove  that  there  is  a  partial  vacuum  at  defective 
parts  in  pipes  even  when  they  are  running  full  bore. 
Such  intermissions  arc  the  daily  occurrences  of  an 
intermittent  service,  and  arc  often  unavoidable  with 
a  constant  service  for  executing  necessary  repairs  to 
the  pipes.  The  water  and  sewerage  systems  should 
l>e  kept  as  far  apart  as  possible. 

With  a  constant  service  the  mains  are  always  charfjed 
in  case  of  fire;  with  an  intermittent  service  much 
valuable  time  is  often  lost  in  linding  the  turncock. 


Purification  oi'  Water. 

It  is  highly  desirable  that  the  water  supply  of  a 
community  should,  as  far  as  possible,  be  free  from  all 
foreign  and  polluting  ingredients.  Nearly  all  waters 
derived  from  natural  sources  contain  such  ingredients. 
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and  the  various  processes  of  purification  aim  at  their 
elimination.  The  foreign  ingredients  may  be  diviJed 
broadly  into  mineral  and  organic  matters.  As  \vc  have 
seen,  most  of  the  spring  and  deep  well  waters,  many 
shallow  well  waters,  and  to  a  less  extent  the  various 
river  waters,  contain  the  salts  of  lime  and  magnesia, 
which  render  these  waters  hard.  The  removal  of  these 
salts,  and  the  production  of  softer  water,  is  eminently 
desirable  for  economic  purposes,  and  occasionally  to 
improve  the  potability  and  wholesomeness  of  the  water 
when  the  salts  are  in  great  excess,  or  are  chiefly  of  the 
kind  producing  permanent  hardness.  The  removal  of 
the  organic  matters,  suspended  or  dissolved  in  water, 
is  another  and  still  more  ini])ortrint  object  in  any  pro- 
cess aiming  at  complete  purificalion.  \Vc  shall  now 
proceed,  first,  to  the  consideration  of  those  processes 
which  are,  or  could  be,  undertaken  on  a  large  scale  for 
the  purification  of  water  before  its  distribution  to  the 
consumers;  and,  secondly,  to  such  processes  of  domestic 
purification  as  may  be  undertaken  on  his  own  premises 
by  the  consumer,  who  has  received  his  water  from  a 
public  source,  but  is  not  satisfied  with  its  ([uality,  and 
desires  if  possible  its  still  further  purification. 

What  should  he  aimed  at,  however,  is  to  procure  at  its 
source  a  water  siifTiciently  good  to  require  no  artificial 
purification ;  but  failing  this,  the  water  shoiikl  be  effici- 
ently purified  before  its  distribution  to  the  consumers. 
It  is  certainly  not  wise  to  leave  the  purification  to  indi- 
vidual initiative. 

Purificntion  on  a  Large  Scale. — There  are  several  pro- 
cesses (Clark's,  Forter-CIark's,  Maignen's,  Howatson's, 
&c.)  which  aim  at  the  removal  of  the  mineral  matters 
(the  salts  of  lime  and  magnesia)  from  a  water,  and  thus 
soften  and  purify  it.  The  fundamental  basis  of  them 
all   is   the   addition   of  lime  water.      When  a  certain 
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quantity  of  lime  water  is  thoroughly  mixed  with  a  hard 
water,  it  combines  with  the  carbonic  acid  holding  the 
ctialk  in  solution  as  calcium  bicarbonate,  with  the  result 
that  the  new  carbonates  thus  formed  are  precipitated, 
for  they  are  practically  insohilile  in  water.  In  this  way 
chalk  well  waters  of  20'  of  hardness  may  be  reduced  to 
4'  or  5°,  and  Thames  water  (16')  to  3"  or  4°.  The  hard- 
ness thus  got  rid  of  is  due  to  the  precipitation  of  chalk, 
and  chalk  alone;  it  is  temporary  hardness,  and  the 
same  effect  would  lie  produced  on  the  water  by  sufficient 
boiling. 

The  working  of  the  process  (Clark's)  may  be  described 
shortly  as  follows  i — One  ounce  of  quicklime  is  used  for 
each  degree  of  hardness  to  every  700  gallons  of  water. 
The  hme  in  the  form  of  qtiickhme  is  first  slaked  with 
water  in  a  tank,  into  which  the  water  to  be  softened  is 
gradually  allowed  to  flow ;  thorough  mixing  must  l>e 
insiireil  by  wo<.)den  paddles  or  other  mechanical  means. 
The  water  becomes  milky  in  appearance  from  precipita- 
tion of  the  chalk,  and  must  then  be  allowed  to  settle  for 
twelve  hours,  and  subsequently  be  decanted.  Besides 
chalk,  a  certain  amount  of  colouring  and  organic 
matters  are  removed  from  the  watt-r  by  this  process. 
It  is  important  that  uncombined  lime  should  not  pass 
out  with  the  purified  water,  as  would  be  the  case  if 
lime  were  added  in  excess  of  that  required  to  combine 
with  all  the  carbonic  acid  holding  the  chalk  in  solution. 
To  detect  uncombine<l  lime,  it  is  only  necessary  to  add 
a  few  drops  of  a  solution  of  nitrate  of  silver  to  the 
treated  water  in  a  shallow  white  dish,  when  a  yellow 
or  brownish  colour  is  pro<luced  if  uncombineil  lime  is 
ptesent,  but  only  a  white  precipitate  of  chloride  of  silver 
if  there  is  none  present. 

Lune  is  also  used  as  the  precipitating  agent  in  Porter- 
Clark's  process;   but  the  suspended  particles  of  chalk 
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are  removed,  not  l>y  settlement,  Imt  by  filtration 
through  a  series  of  iinen  cloths  in  a  filter  press  under 
high  pressure.  The  plant  includes  two  vertical  cylin- 
ders and  a  filter  press.  In  tlie  (irst  cylinder  there  is  a 
continuous  preparation  of  lime  water,  which  is  mixed  in 
the  second  cylinder  with  the  hard  water.  The  precipi- 
tant formed  is  then  separated  liy  the  press.  The  pro- 
cess is  expeditious,  and  very  effective  in  removing  lime 
and  suspended  matters  from  the  water.  It  is  one  of  the 
best  means  of  softening  water  on  a  large  scale. 

In  Atkins's  process,  which  is  somewhat  similar, 
arrangements  are  made  for  cleansing  the  cloth  hlters 
by  means  of  revolving  brushes  which  play  on  the  sur- 
face of  the  discs. 

The  Stanhope  Water  Softener  aims  at  reducing  both 
the  temporary  and  permanent  hardness,  lime  and  soda 
being  used.  The  caustic  soda  somewhat  reduces  the 
permanent  hardness  by  converting  some  of  the  calcic  or 
niagnesic  sulphates  into  sulphate  of  soda.  Clarification 
is  effected  by  subsidence  in  high  tanks  containing 
numerous  funnel-like  shelves,  one  above  the  other, 
which  collect  the  deposit  and  direct  it  to  the  bottom 
of  the  tank. 

Ilowatson's  process  is  very  similar.  In  this  process 
the  deposit  is  removed  by  opening  valves  in  the  hopper 
I>ottotiis'of  the  tanks. 

In  the  Maignen  .'\utomatic  Softener  a  small  motor 
is  worked  by  the  water  and  regulates  the  amout  of  anti- 
calcairc,  which  mixes  with  the  water  in  a  small  tank. 
Sedimentation  takes  place  in  a  second  small  tank,  in 
which  provision  is  made  for  flushing  out  the  de- 
posited chalk;  and  finally  the  water  passes  through  a 
filtre  rapidc  into  a  storage  tank.  The  precipitating 
agent,  anlicalcairc ,  contains  lime,  sodium  carbonate,  and 
alum. 
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The  Lawrence  process  of  softening  and  sterilizing 
water  is  ingenious  and  effective.  In  this  apparatus  the 
water  is  boiled,  and  therefore  softened  and  sterihzed ; 
the  steam  is  condensed  by  the  cold  water  entering  the 
boiler,  which  takes  up  the  heat  from  the  steam,  and 
thereby  an  important  economy  is  cfToctcd  in  the  heat 
required. 

Tlie  process  of  filtration  tlirough  sand  or  gravel  on  a 
large  scale,  as  carried  out  by  the  London  water  com- 
panies, has  already  been  described  (see  p.  i8).  Sus- 
pended matters,  both  mineral  and  organic,  are  very 
effectually  removed  by  sand  filtration. 

Spongy  iron,  which  is  porous  metallic  iron,  obtained 
by  roasting  hjematite  iron  ore,  has  a  very  similar  action 
on  dissolved  organic  matters  in  water  to  that  exerted  by 
magnelic  carbicU  of  iron  ;  and,  like  magnetic  carbide  also, 
it  yields  nothing  to  water  except  a  little  iron,  which 
may  be  removed  by  subsequent  filtration  through  sand. 
Spongy  iron  retains  its  properties  for  a  long  period,  but 
requires  periodical  renewal,  especially  when  used,  as  it 
generally  is,  as  a  mechanical  filter  for  separating  sus- 
pended matters  from  water,  as  well  as  a  chemical  filter. 
Spongy  iron  separates  lead  from  water,  but  has  no  effect 
on  other  mineral  matters. 

The  property  possessed  by  spongy  iron  and  the  mag- 
netic carbide  and  oxide  of  iron  of  yielding  nothing  to 
water — no  phosphates  or  other  germ  nutrients — is  a 
most  valuable  one  ;  for  the  water  after  filtration  can  be 
stored  for  any  length  of  time  without  any  great  deterio- 
ration from  growth  of  microscopic  organisms.  The 
cs[>ecial  fitness  of  the  magnetic  carbide  of  iron  or  of 
polariU  for  filtering  a  town  water-supply  on  a  large  scale 
lies  in  the  fact  that,  when  once  the  beds  of  these 
materials  are  i'm  ii/u,  they  need  never  be  disturbed  or 
renewed,  and  thus  an  enormous  amount  of  labour  and 
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expense  is  avoided.  The  aeration  by  intermittent  fil- 
tration, which  is  essential  for  magnetic  carbide  of  iron, 
if  it  is  to  retain  its  oxidizing  properties,  must  not  be 
practised  with  spongy  iron,  as  the  latter  cakes  on  expo- 
sure to  the  air. 

At  Antwerp  and  other  places  on  the  Continent  scrap 
iron  (.\nderson's  process)  is  now  being  used  for  filtering; 
water  on  a  large  scale.  The  scraps  of  iron  arc  placed 
on  a  cylinder,  which  is  caused  to  revolve  on  its  long 
axis.  The  inner  circumference  of  the  cylinder  is  pro- 
vided with  short  curved  shelves  reaching  from  end  to  end, 
which,  when  the  cylinder  is  revolving,  serve  to  direct  a 
shower  of  iron  through  the  water  as  it  passes  through 
the  apparatus.  The  water  is  then  exposed  to  the  air 
by  flowing  along  a  trough,  so  as  to  cause  a  precipitate 
(as  ferric  oxide)  of  the  iron  taken  up  in  the  revolving 
cylinder,  and  this  precipitate  as  it  settles  carries  down 
organic  matter  with  it.  The  precipitate  is  subsequently 
removed  by  filtration  through  sand. 

Domestic  PiiriJicatioH, — Distillation  effects  a  more  com- 
plete purification  of  water  than  any  other  method  which 
is  practised.  If  the  first  portions  of  the  distillate,  con- 
taining volatile  substances  present  in  the  water  to  he 
distilled,  are  rejected,  a  water  free  from  all  foreign  in- 
gredients is  obtained.  Its  aeration,  however,  is  defi- 
cient ;  but  this  aerated  quality  can  easily  be  acquired 
by  allowing  the  water  to  flow  out  of  fine  holes  in  the 
bottom  of  a  cask,  and  to  pass  through  the  air  in  finely 
divided  streams.  The  distillation  of  sea  water  is  now 
largely  carried  out  on  board  the  ships  of  H.M.  Navy 
and  in  the  large  steamships  of  the  mercantile  marine. 
As  long  as  there  is  fuel  on  board,  a  most  wholesome 
water  can  be  obtained.  Distilled  water  acts  very 
readily  on  metals  such  as  copper,  zinc,  iron,  and  lead  ; 
go  it  is  important  that  the  several  parts  of  the  distilla- 
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tion  or  condensing  apparatus  sliould  not  expose  thes*; 
metals  to  llxe  action  of  the  water.  Silver  lined  or  block- 
tin  vessels  and  pipes  may  be  used. 

by  boiling  water,  carbonic  acid  is  driven  off  witii  other 
volatile  gases  dissolved  in  the  water,  anil  chalk  (tem- 
porary hardness)  is  deposited  at  the  bottom  of  the 
vessel.  The  water  is  therefore  softened.  We  have  the' 
strongest  reason  for  believing  that  distillation  and  boil- 
ing— raising  the  temperature  of  the  water  to  212"  I'". — 
effectually  destroy  all  organized  living  matter  in  the 
water.  There  can  be  liltit:  doubt  but  that  the  specific 
poisons  of  cholera,  enteric  fever,  and  of  other  diseases, 
occasionally  propagated  by  means  of  impure  drinking 
water,  are  efTectually  destroyed  by  even  a  few  minutes' 
boiling.  The  spores  that  resist  the  temperature  of  boil- 
ing water  are,  seemingly,  not  disease  germs,  but  merely 
the  immature  forms  of  harmless  species  ;  for  experience 
has  shown  over  and  over  again  that  water,  and  other 
fluids  mixed  with  water,  such  as  milk,  in  which  the 
existence  of  poisons  capalile  of  producing  enteric  fever, 
cliolera,  scarlet  fever,  or  diphtheria,  was  alniost  un- 
doubted, have  been  rendered  harmless  by  a  few  minutes' 
boiling. 

To  completely  sterilize  water  or  any  other  fluid,  it  is 
necessary  to  boil  it,  or  merely  raise  the  fluid  to  a  tem- 
perature of  212°  F.  without  actual  ebullition,  for  a  short 
pj.-nod  (half  an  hour)  on  three  or  four  successive  days. 
In  this  way  the  spores,  whicli  escape  destruction  by  the 
litst  boiling,  have  time  to  develop  into  adult  bacteria, 
which  are  destroyed  by  the  next  boiling,  and  so  on, 
until  all  the  successive  crops  are  disposed  of.  Boiled 
water  is  flat  and  insipid,  and  should  be  aerated  before 
being  drunk. 

The  Watcrhousc-Forbcs  is  perhaps  the  simplest  and 
most  portable  form  of  apparatus  for  boiling  drinking 
water. 
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r  Various  schemes  have  been  suggested  for  purifying 

'  water  by  chemical  means.  If  such  a  method  were 
easily  practicable,  it  would  he  of  great  value  for  military 
purposes  to  meet  the  requirements  of  troops  on  the 
march,  or  in  the  field,  when  the  adequate  filtration  of 
sufficient  water  for  drinking  purposes  is  a  matter  of 
great  difficulty.  Schomlicrg's  liromide  process  consists 
in  adrling  q-o()  grain  of  free  brnmino,  dissolved  in  potas- 
sium liromidc,  to  every  litre  of  water,  and  then  reinuving 
the  excess  of  bromine  and  making  palatable  by  liypo- 
pimsplu'te  and  carbonate  of  soda.  The  addition  of  cal- 
ciimi  liypochlorilc,  of  euchloriiie,  and  of  potassium 
permanganate,  have  been  suggested  by  other  authori- 
ties, but  have  been  little  eniployeil.  Recently  the  use 
of  sodium  bisulphatc  has  been  recommended  by  Parkes 
and  Rideal. 

Ahiiii  is  sometimes  employed  as  a  purifying  agent.  It 
is  much  used  in  China,  where  the  turbid  waters  of  the 
large  rivers  are  extensively  drunk  after  tlie  addition  of 
a  little  alum.  When  added  to  water  containing  chalk 
in  solution,  it  forms  a  bulky  precipitate  of  aluminium 
hydrate,  which  falls  to  the  bottom,  carrying  with  it 
suspended  and  floating  matters,  It  has  little  or  no 
effect  on  organic  matters  in  solution  in  the  water. 
About  6  grains  of  alum  to  the  gallon  of  water  is  the 
right  proportion. 

FiV/fw.  —  Domestic  filters  are  probably  more  often  a 
source  of  pollution  of  the  water  than  otherwise.  It  is 
usually  considered  that  a  filter  re<iuires  no  attention: 
it  is  consequently  l)ut  rarely  cleaned;  the  filtering  mate- 
rial is  seldom  renewed,  and  its  pores  become  clogged 
with  putrescible  organic  matters,  which  form  a  suitable 
nidus  for  the  growth  and  developnient  of  the  living 
organisms  that  contaminate  the  filtered  water.  It  is 
not  unusual,  under  such  circumstances,  to  find  a  con- 
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siderably  larger  proportion  of  organic  matter  in  the 
filtered  water  than  was  present  before  filtration. 

This  is  especially  the  case  when  animal  charcoal  is  used 
as  the  filtering  material.  This  substance  is  prepared 
by  calcining  crushed  bones  in  closed  vessels  ;  it  is  ex- 
tremely porous,  and  exerts  considerable  oxidizing  action 
on  dissolved  organic  matters  in  water,  and  bleaches 
colouring  matters  in  solution.  These  properties,  how- 
ever, are  evanescent,  and  rapidly  disappear  if  the  char- 
coal is  not  cleaned  or  renewed,  especially  if  the  water 
filtered  through  it  is  somewhat  impure.  Not  only  this, 
but  the  charcoal  yiekls  to  water  phosphate  of  lime,  of 
which  it  is  largely  composed.  The  phosphate  favours 
the  growth  of  living  organisms,  so  that  water  must 
neither  be  kept  too  long  in  the  hiter,  nor  must  it  be 
stored  for  use  after  filtration.  Animal  charcoal  does 
not  prevent  the  passage  of  living  disease  germs  through 
its  substance.  For  these  reasons  filters  composed  of 
animal  charcoal,  whether  in  loose  fragments  or  in  com- 
pressed blocks,  are  not  at  all  suited  fur  domestic  use. 
They  require  more  care  and  attention  than  any  domestic 
filter  is  likely  to  meet  with.  These  filters  have  the 
power  of  removing  lead  from  water  if  their  surfaces  are 
kept  constantly  clean  by  frequent  scrubbings ;  this  is 
probably  due  to  the  lead  forming  a  phosphate  in  the 
filter. 

Situated  carbon  and  manganous  carbon  block  filters  are 
still  largely  used.  They  consist  of  animal  charcoal 
compressed  into  blocks  by  admixture  with  silica  or 
manganese.  They  do  not  yield  so  much  phosphate  of 
time  to  water  as  the  pure  animal  charcoal  filters,  but 
they  tend  to  liecome  coated  with  a  layer  of  organic 
matter  which  clogs  the  open  pores.  The  block  should 
be  brushed  occasionally  to  remove  the  thin  film  coating 
it ;    and  every  three  months,  at  least,  should  be  purified 
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by  subjecting  it  to  a  red  heat,  or  by  boiling  it  in  a 
solution  of  Condy's  fluid  and  sulphuric  acid.  Maignen's 
Filire  Rapide  consists  of  a  strainer  of  asbestos  cloth 
spread  over  a  perforated  porcelain  cone.  Powdered 
animal  charcoal,  or  other  filtering  medium,  is  laid  over 
the  strainer.  The  delivery  of  water  through  this  filter 
is  very  rapid,  and  the  asbestos  and  powder  can  be  easily 
renewed  at  a  very  small  cost. 

Domestic  filters  are  also  made  of  spongy  iron,  magnetic 
carbide  of  iron,  polarik,  and  car/eral,  this  latter  substance 
being  a  mixture  of  iron,  charcoal,  and  clay.  It  has 
good  oxidizing  properties,  and  yields  nothing  to  water 
which  is  favourable  to  organic  life;  but  its  lasting 
powers  are  inferior  to  spongy  iron  and  magnetic  oxide 
and  carbide. 

In  Kischoff's  spongy  iron  filter  the  iron  ore  rests  upon 
a  layer  of  pyrolusite  (a  crude  oxide  of  manganese),  and 
the  outlet  to  the  filtered  water  receptacle  is  generally 
protected  by  a  layer  of  asbestos  cloth. 

With  regard  to  filters  of  the  kind  alluded  to  above, 
which  afford  no  protection  against  the  infection  of 
water-borne  disease,  Drs.  Woodhead  and  Wood  point 
out  that  they  may  materially  increase  the  risk  to  the 
consumer  of  acquiring  such  infective  diseases,  inasmuch 
as  the  specific  organisms  of  these  diseases  become 
arrested  in  the  filtering  materials,  and  may  then  be 
washed  through  in  great  numbers  into  the  filtered  water 
for  many  days  subsequent  to  the  introtluction  of  in- 
fected water  into  the  filter.  If,  for  instance,  the  water 
supply  of  a  house  received  a  chance  contamination, 
which  rendered  it  dangerous  for  one  day  only,  the  con- 
sumption of  the  water  involves  the  risk  of  specific  infec- 
tion on  that  day  only  ;  but  should  the  noUuted  water  be 
passed  through  a  domestic  filter  of  the  kind  indicated, 
the  arrest  of  the  specific  microbes  in  the  filter,  and  their 
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subsequent  passage  into  the  filtrate,  would  render  the 
water  passed  through  the  filter  liable  to  convey  infec- 
tion for  several  days  after  tl»e  initial  introduction  of  the 
pollution.  The  consequent  multiplication  of  the  oppor- 
tunities of  infection  necessarily  greatly  increases  the 
risk  of  such  an  occurrence.  The  wrong  and  misleading 
statements  set  forth  so  prominently  by  the  makers  of 
such  Alters,  as  to  their  capacity  to  render  any  water, 
however  p>olluted,  harmless  and  innocuous,  give  rise  to 
a  false  sense  of  security  in  tlie  minds  of  the  public,  and 
are  an  evil  which  should  be  strenuously  combated. 

In  the  Pastcur-Chamhcrlaiui  filter  the  water,  under  pres- 
sure, is  passed  thruufjh  five  or  six  hollow  cylinders  of  a 
sp>ecially  prepared  form  of  porous  porcelain.  The  fil- 
tered water  is  entirely  free  from  all  suspended  matters, 
including  all  kin<ls  of  bacteriological  organisms  and 
their  spores.  The  water  is  therefore  s/cr/'/iscrf  ,■  but,  the 
filter  acting  merely  mechanically,  there  is  no  alteration 
in  the  chemical  composition  of  the  dissolved  constitu- 
ents of  the  water.  This  filter  is  employed  to  sterilize 
pure  waters  for  laboratory  purposes,  and  may  with 
advantage  be  so  used  for  domestic  purposes.  The 
bottom  of  the  filter  is  connected  witfi  a  main  under 
pressure,  the  water  issuing  from  the  top.  These  filters 
require  periodical  cleaning  at  short  intervals,  to  remove 
deposits  on  the  sutface  of  the  porcelain  ;  otherwise  the 
delivery  of  wat«T  is  much  reduced. 

The  litrkfftld  filter  is  similar  in  principle  to  the  above, 
but  the  hollow  cylinder,  through  which  the  water  is 
filtered,  is  composed  of  a  compressed  siliceous  or 
diatomaceous  earth  called  Kiesselguhr  (fig.  4).  it 
permits  of  more  perfect  cleansing,  but  is  more  fragile 
than  the  I'astcur-Chamberland  filter. 

The  experiments  of  Drs.  Woodhead  and  Wood  show 
that  the  Berkcfeld  table  filter  completely  arrests  specific 
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disease  organisms,  but  that,  like  tiie  Pasteur-Chaniber- 
land  and  the  Poixelaine  D'Amiante  to  a  lesser  degree,  it 
allows  water  organisms  usually  present  in  water  to  grow 
through  the  filtering  material,  with  the  result  that  they 
appear  in  the  filtrate  on  the  third  day  after  introduc- 
tion. It  does  not,  therefore,  continuQusty  sterilize.  The 
Porcelaine  D'Amiante  filter,  in  which  the  clay  is  mixed 
with  finely  powdered 
asbestos,  is  tlie  best 
sterilizer,  but  in  it  tlie 
rate  of  filtration  is  so 
slow,  that  it  is  unfitted 
for  domestic  purposes. 

The  more  recent  ex- 
periments conducted  by 
Dr.  Morrocks  at  Nctlcy 
in  1901  show,  (i)  that 
typhoid  bacilli  are  not 
able  to  grow  through 
the  walls  of  the  I'asteiir- 
Cliamberland  candle; 
and  the  filter  ought  to 
givecotiipk-te  protection 
from  waterborne  enteric 
fever.  (2)  Typhoid 
bacilli  can  grow  titrouch  Pf- <  — B-rki-fnM  Kiiiw.   aa.  s«Tf»r*  f„r 

^  "  joint  Ui  niwn  Hk*T  rit-M*  fur  rftiicivin^  Hl- 

the    wails   of   tllC  Berke-       t<Tin|i  <-ylin'Jtr  fur  iliviniim,  *..-,;  K.imU.-U 

fiir   rilt^-r^'il    KrittT.    which   r:ili    iMthtT   lie 

feld     candles,     probably       Hx>hI  or  aimplv  pUo-il  im  tlii>  prutrinllnK 

,  .  im-UI  flul  iif  till!  ivlinilvr;  CI'.  Hlliirlnn 

owing    to  the  larger  size       cylin'I'T;  1>.  l.ip  miiuii  to  uttmh  to  wiiler 

wrvirc  ;  l'\  HiiHliiiiK  taji  to  wnsli  iMit  filter 
of    the    lacunar    spaces,       or  to  mipply  mitlU.riHl  »alir. 

and  the  consequently  di- 
minished immobilising  antl  devitalising  influences.    The 
time  required  fur  the  typhoid  bacilli  to  traverse  a  candle 
varies  between  4  and  1 1  days,  and  appears  to  be  largely 
dependent  on  the  nutriment  supplied  to  the  organisms 
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by  the  medium  in  wliicli  tfiey  exist.     In  order  to  obtain 
complete  protection  from  waterborne  enteric  fever,  when 
employing  Berkefeld  fillers,  it  is  necessary  to  sterili 
the  candles  in  boiling  water   every  third  day.      It 
obvious  that  the   materials  of  which   these  filters    an 
composed  must   be  quite   free  from   flaws  otherwise 
direct  passage  of  micro-organisms  will  take  place. 

Filters  should  never  be  placed  inside  cisterns.  In 
such  positions  tlicy  are  neglected,  their  very  existence 
being  sometimes  forgotten,  with  the  result  that  they 
become  excessively  foul,  and  pollute  the  water  they  are 
intended  to  purify. 

From  what  has  already  been  said,  it  will  be  seen  that 
the  essentials  of  a  good  filter  arc — that  every  part  should 
be  easily  accessible  for  cleansing  purposes;  that  there 
should  be  nothing  in  the  construction  of  the  filter  which 
is  capable  of  yielding  metallic  or  other  impurities  to  the 
water;  that  the  filtering  medium  should  be  efficient  for 
the  work  in  hand,  and  its  purifying  power  reasonably 
lasting ;  and  that  the  delivery  of  filtered  water  should 
be  reasonably  rapid. 
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Diseases  produced  by  Impure  Water. 

Dyspepsia  and  Diarrhcea. — Waters  with  permanent  hard- 
ness exceeding  7"  or  8°  sometimes  cause  dyspeptic  sym- 
ptoms and  diarrhcea,  especially  amongst  those  who  are 
not  used  to  them.  Similar  symptoms  are  generally 
produced  by  drinking  brackish  water  drawn  from  wells 
near  the  sea  coast.  The  injurious  salts  arc  especially 
the  sulphates  of  magnesium,  calcium,  and  sodium,  and 
the  chloride  of  magnesium.  Particles  of  suspended  clay, 
mica,  or  vegetable  matter  may  also  cause  diarrha-a. 

Waters  containing  calcium  carbonate  in  solution,  the 
temporarily  hard  waters,  are  not  in  any  way  injurious  to 
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health.  At  tlie  same  time,  there  is  no  reason  to  believe 
thai  the  chalk  waters  are  at  all  superior  to  soft  waters 
for  drinking.  The  idea  once  entertained,  that  the  salts 
in  hard  water  aided  the  growth  and  nutrition  of  the 
bones  in  children,  has  been  abandoned  as  untenable. 

Diarrhcea,  often  of  a  severe  choleraic  type  with  violent 
purging,  vomiting,  and  cramps,  is  occasionally  produced 
by  drinking  water  contannnated  with  sewage.  But 
here,  again,  it  is  principally  amongst  those  who  are 
unaccustomed  to  the  water  th*t  these  severe  symptoms 
occur.  Instances  have  been  known  where  people  have 
gone  on  drinking  filthily  polluted  shallow  well  water  for 
years  with  no  apparent  bad  eflTects.  It  seems,  indeed, 
certain  that  hy  long  habitude  the  system  becomes 
tolerant  of  many  substances  in  water  which  exert  a 
marked  effect  on  those  who  drink  them  for  the  first 
time.  Whether  the  choleraic  diarrhoea  is  due  to  the 
presence  of  a  living  germ  in  the  water,  to  dead  and 
decayed  organic  matter  in  solution  or  suspension,  or 
to  alkaloidal  poisons,  the  products  of  the  growth  of 
bacterial  organisms,  is  not  yet  certain. 

Vegetable  matter,  such  as  peat  in  water,  is  generally 
harmless.  Large  excess  of  such  matters,  especially 
when  decaying,  may  produce  unpleasant  symptoms. 

Infantile  diarrhcea,  whicli  is  so  prevalent  .ind  fatal  in 
the  large  towns  of  this  country  in  the  warmer  summer 
months,  appears  to  be  due  to  water  pollution  in  many 
cases.  The  polluting  material,  whatever  its  nature  and 
origin,  seems  to  be  incapable  of  producing  diarrhrea 
until  the  temperature  of  the  water  stored  in  cisterns  and 
reservoirs  has  risen  above  60'  F.  This  fact  likewise 
points  to  the  presence  of  a  living  organism  in  the  water 
as  the  cause  of  the  diarrhoea,  an  organism  which  is 
inactive  at  low  temperatures,  hut  rapidly  multiplies  and 
acquires  pathogenic  properties  when  a  suitable  tempera- 
ture is  reached. 
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The  same  conditions  of  drinking  water  which  produce 
diarrhcea  in  this  country,  often  give  rise  to  dystnUry  in 
hot  climates.  Dysentery  may  also  be  spread  by  the 
evacuations  of  patients  sufTering  from  this  disease  con- 
taminating the  water  used  for  drinking.  Dysenteric 
evacuations  are  believed  to  contain  the  specific  poison 
of  tlie  disease. 

Enteric  Fever. — This  disease  is  often  spread  by  the 
medium  of  water.  The  conditions  of  drinking  water 
which  are  capable  of  producing  dyspepsia,  diarrhcea,  or 
dysentery,  cannot  produce  enteric  fever. 

Nearly  all  the  evidence  we  possess  points  to  the 
possibility  of  the  discharges  of  a  single  patient  infecting 
an  enormous  volume  of  water. 

Although  it  is  now  generally  believed  tii.it  the  bacillus 
of  typhoid  loses  its  vitality  and  dies  out  when  dis 
charged  into  ordinary  sewage,  it  would  appear  thai 
this  is  not  the  case  when  sewage  finds  its  way  out  of  a' 
sewer,  and  percolates  through  the  ground.  Under  these 
conditions  basic  nitrates  are  formed  by  o.xiilation  of 
ammonia  and  nitrogenous  matters,  which  favour  the  life 
and  growth  of  the  bacillus  of  typhoid,  and  enable  it  t0H| 
persist  for  long  periods.  This  is  important  in  relation 
to  the  contamination  of  shallow  wells  by  the  percolation 
of  sewage. 

Enteric  fever  discharges  are  now  believed  not  to  lie 
highly    infectious   at    the   moment  of  excretion  ;    it   is 
necessary   that   the  virus   should   be   allowed   to  grow 
in  contact  with  air  before  its  infectious  properties  are   «i 
capal>le  of  full  development  (see  Chapter  IX.).  ^ 

Asiatic  Cholera. — This  is  a  specific  disease,  spread  by  a 
specific  virus  contained  in  the  evacuations  of  a  person 
ill  of  the  disease.  There  is  now  abundant  evidence 
th.1t  cholera  is  often  propagated  by  means  of  dritilung 
Water    to   whiih    the   specific   disease   jwison    has  Jiad, 
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access.  This  is  not  the  only  mode  of  spread  of  the 
disease,  no  more  than  it  is  of  enteric  fever ;  but  the  evi- 
dence which  is  constantly  accumulating  points  strongly 
to  the  conclusion  that  as  for  enteric  fever,  so  for  cholera 
— specifically  infected  drinking  water  is  one  of  the  most 
frequent  methods  of  its  propagation.  In  India,  the 
filthy  habits  of  tlie  natives  cause  a  gross  and  persistent 
pollution  with  fiEcal  matters  of  the  drinking  water  in 
tfie  wells  and  tanks,  from  which  so  large  a  population 
obtain  their  entire  supply.  The  evacuations  of  cholera, 
like  those  of  enteric  fever,  are  probably  not  possessed 
of  any  high  degree  of  infectiveness  at  the  moment  of 
discharge.  The  virus  requires  to  grow  in  contact  with 
air  before  its  higher  powers  of  infectiveness  can  be  de- 
veloped (see  Chapter  IX.). 

Yellow  F(vtr  has  been  traced  to  drinking  water  pol- 
luted with  the  discharges  of  people  ill  of  the  disease; 
but  other  modes  of  spcead  are  probably  equally  potent 
and  more  frequent. 

Diphtheria  is  not  usually  propagated  througli  the 
medium  of  drinking  water,  but  cases  favouring  such 
a  view  have  been  recorded. 

Urinary  calculi  were  at  one  time  supposed  to  arise 
from  the  use  of  hard  water,  but  this  view  is  now  gene- 
rally abandoned  from  want  of  any  definite  proof. 

Rickets  has  been  ascribed  to  the  use  of  soft  water,  but 
the  contention  is  not  warranted  by  facts. 

Goitre  appears  to  be  due,  in  many  instances,  to  the 
water  used  for  drinking,  but  the  impurities  in  the  water 
which  favour  hypertrophy  of  the  thyroid  gland  in  some 
districts  are  not  those  found  in  the  water  of  other 
goitrous  districts.  The  carbonates  and  sulphates  of 
lime  and  magnesia,  which  are  present  in  the  waters  of 
some  districts,  antl  have  been  credited  with  being  the 
cause  of  goitre  in  those  districts,  are   not  found  in  tlie 
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waters  of  other  districts  wliere  goitre  prevails.  The 
presence  of  sulphides  of  iron  or  copper  in  water  has 
been  regarded  by  some  observers  as  the  efficient  cause 
of  goitre,  but  not  apparently  with  nnich  reason.  On 
the  whole,  then,  we  shall  be  justified  in  concluding  that 
the  quality  of  the  drinking  water,  in  districts  where 
goitre  and  its  allied  disease,  cretinism,  exist,  is  only 
one — and  perhaps  not  the  most  potent — factor  out  of 
many  which,  in  combination,  arc  productive  of  the  dis- 
ease. Further  researches  are  required  to  elucidate  tl 
question,  which  is  one  of  great  interest. 

Etttoioa. — The  embryos  or  eggs  of  the  following  para- 
sites have  been  found  in  water,  and  may  be  taken  into 
the  stomach  of  man,  wlien  such  water  is  used  for  drink- 
ing. They  are :  Tititia  solium,  Titnia  echinococciis,  Bothrio- 
cephalus  latiis,  ylscaris  lumbrkoides  (round  worms),  Oxyuris 
vermictdaris  (thread  worms),  Filaria  sanguinis  hominis—ll\e 
embryos  of  which  are  sucked  from  the  blood  of  infected 
persons  liy  mosquitoes,  and,  after  developing  in  the  body 
of  that  insect,  are  then  transferred  to  water  by  means  of 
the  larvx — Bilharsia  hamatobia,  Tricocephalus  dispar,  and 
Distoma  hepaticum  (liver  fluke  of  sheep).  Bilharzia  hama- 
tobia  causes  endemic  hainiaturia  in  Egypt,  Abyssinia. 
the  Cape,  &c.  The  ova  are  passed  with  the  urine, 
find  their  way  into  water,  and  hatch  into  ciliated  em- 
brybs,  Filaria  saiigiiims  hominis  produces  entlemic  cliy- 
luria  within  the  tropics.  Anchylosloma  diwdcnale  causes 
anaemia,  internal  lisemorrhages,  &.C.,  and  occasions  great 
mortality  in  Drazil,  West  Indies,  and  Egypt,  where  it  is 
thought  to  be  sometimes  due  to  infected  water.  The 
embryo  guinea  worm,  Filaria  dracuntulus,  is  aquatic  and^^ 
finds  its  way  into  the  human  body  through  the  alimea'4^ 
tary  canal  by  means  of  drinking  water,  the  adult  worm 
being  subsequently  found  in  most  cases  in  the  sub- 
cutaneous tissue  of  the  feet  and  legs  of  affected  persons; 
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whilst  Uechts  may  fix  themselves  in  the  pharynx  and 
cause  much  ha-morrhage.  Anthrax,  hogcholera,  and 
glanders  may  all  be  communicated  to  cattle  through  the 
agency  of  impure  water  ;  and  drinking  water  appears  to 
be  the  principal  medium  by  which  the  entozoa  generally 
pass  from  one  animal  to  another. 

Metallic  poisoning  may  be  caused  by  [Killution  of  drink- 
ing water  with  refuse  from  trades  and  drainage  from 
niftailiferous  mines,  or  from  absorption  by  water  of  the 
tnetals  used  in  the  construction  of  distributing  pipes, 
tanks,  and  cisterns.  The  amounts  of  copper,  zinc,  or 
arsenic,  which  must  be  present  in  the  water  to  give 
rise  to  symptoms  of  poisoning  have  not  been  definitely 
ascertained  ;  as  regards  lead,  as  little  as  ^  grain  per 
gallon  may  produce  piumbism  in  predisposed  persons. 
In  the  case  of  the  poisoning  of  Louis  Philippe's  family 
at  Claremont,  ^^  grain  of  lead  was  found  in  each  gallon 
of  water. 

The  Opinion  upon  a  Water  Sample. 
Cliemical  Examination. 
Where  the  water  is  considerably  polluted,  no  diffi- 
culty is  experienced  in  detecting  the  pollution  by 
chemical  analysis,  but,  generally  speaking,  the  slighter 
degrees  of  pollution  are  detected  only  with  difficulty, 
unless  the  "  norma!  "  quantities  of  ammonia,  chlorine, 
&c.,  in  the  natural  water  of  the  district  have  been 
previously  ascertained.  This  arises  from  the  fact  that 
the  chemical  constitution  of  the  geological  formations 
over  or  through  which  water  may  find  its  way  is  liable 
to  variation,  and  the  proportion  of  chlorides,  nitrates, 
sulphates,  phosphates,  &c.,  which  the  water  may  take 
up  are  thereby  affected.  It  is,  therefore,  only  by 
establishing  "  water  standards "  that  the  best  results 
can  be  obtained  from  chemical  analysis,  any  departure 
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from    these   standards    being   regarded    as    suspicioi 
A  standard  based  on  the    amount  of  free  and    saline 
ammonia,  albuminoid  ammonia,  chlorine,  and  oxidised 
nitrogen  is  tlie  safest,  and    of  these  quantities  the  free 
and    saline    ammonia    will    generally  furnish    the    he^H 
evidence  of  recent   animal   pollution,     For  instance,  1^* 
water  sample  may  easily  contain  2  parts  per  100,000  of 
chlorine  without  any  suspicion   being  aroused  ;    but  ^H 
the  average  of  the  pure   water  of  the  locality  is  onl^^ 
1-5  parts,  then  the  excess  becomes  important  evidence 
of  "  added  chlorine,"  the  presence  of  vvliich   would  b^H 
most  significant  of  animal  pollution.  ^1 

Nitrates  and  Nitrites. — These  are  the  oxidized  residues 
of  organic  matters,  almost  always  derived  from  an 
animal  source  (sewage).  Their  determination  is,  there- 
fore, a  point  of  the  greatest  importance,  for  they  indi- 
cate either  a  pollution  of  the  water  at  some  remote 
period  with  possibly  dangerous  ingredients,  or  the  con- 
tamination of  the  water  at  the  present  time  with  par- 
tially or  completely  purified  sewage.  They  are  found, 
often  in  considerable  quantities,  in  tlecp  wells  or  spring 
waters,  and  in  this  case  merely  indicate  the  complete 
purification  which  the  water  iias  undergone  in  its  pas- 
sage from  the  surface  to  the  subterranean  reservoirs. 
In  the  case  of  shallow- well  waters,  nitrates  and  nitrites, 
if  found  in  association  with  excess  of  chlorine  and 
ammonia,  indicate  soakage  of  sewage  or  animal  refuse 
into  the  well,  more  or  less  purified  by  its  passage 
through  the  intervening  layers  of  earth.  At  any  time, 
however,  tiic  purifying  power  of  the  filtering  earth  may 
be  exceeded  or  overcome,  and  then  tlie  Itijuid  filth  may 
pass  into  the  well  with  its  dangerous  ingredients  un-^_ 
ciiangcd  or  unpuriiied.  Nitrates  and  nitrites  are  doI^| 
present  in  raw  sewage,  but  they  are  found  in  polluted 
atreams  and  watercourses,  where  a  certain  amount  ol 
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oxidation  is  always  in  progress,  and  in  tlie  effluent 
subsoil  waters  from  manured  or  sewaged  land. 

Ammonia, — The  urea  of  the  urine,  by  a  process  of 
fermentative  decomposition,  rapidly  becomes  carbonate 
of  ammonia  in  sewage.  Ammonia  will  therefore  be 
found  in  all  sewage-polluted  waters,  unless  the  sewage 
Las  been  filtered  through  a  sufficient  thickness  of  soil 
to  enable  the  bacteria  to  convert  the  ammonia  by 
oxidation  into  nitrates  and  nitrites.  A  few  pure  deep- 
well  waters  from  the  chalk  and  greensand  arc  found  to 
contain  excess  of  ammonia ;  l>ut  they  are  remarkably 
free  from  organic  matters.  On  the  other  hand,  sewage 
pollutei!  shallow-well  waters,  which  contain  excess  of 
anmionia,  contain  also  an  excessive  amount  of  organic 
matters. 

Organic  matters  derived  from  an  aninial  source  are 
dangerous  as  well  as  disgusting  ;  the  slightest  trace  of 
such  matters  in  a  water  should  suffice  to  condemn  it. 
Organic  matters  derived  from  the  vegetable  world, 
though  often  quite  harmless,  as  when  they  exist  in  the 
form  of  peat,  should  not  be  disregarded  ;  and  their 
presence  in  considerable  quantity  should  insure  the 
rejection  of  the  water  for  drinking  purposes. 

The  distinction  between  animal  and  vegetable  organic 
matters  in  a  water  is  often  only  made  with  difficulty,  if 
at  all.  Generally  it  may  be  said  that,  when  excess  of 
organic  matter  in  a  water  co-exists  with  excessive 
chlorine,  oxidized  N,  and  ammonia,  the  source  of 
pollution  is  animal  lilth  or  sewage.  When,  on  the 
other  hand,  excessive  organic  matter  is  not  accom- 
panied by  excessive  chlorine,  oxidized  N,and  ammonia, 
the  source  of  pollution  is  probably  vegetable ;  and  this 
diagnosis  may  be  confirmed  by  the  results  of  physical 
examination  of  the  water,  and  by  microscopic  examina- 
tion of  the  suspended  matters  and  sediment. 
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Biological  Examination. 

Inasmuch  as  the  chemical  methods  of  analysis  can 
only  determine  the  presence  and  amount  of  organic 
matters  in  water,  and  cannot  determine  their  quahty, 
nor  separate  living  and  possibly  actively  dangerous 
organisms  from  dead  and  inactive  matter,  it  has  been 
thought  by  many  that  methods  of  cultivating  fungi  and 
bacteria  on  sterilised  nutrient  media,  wliich  was  first 
introduced  by  Koch,  would  afford  valuable  evidence  of 
the  possibly  dangerous  qualities  of  a  water,  and  might 
come  in  time  to  supersede  chemical  analysis  altogether. 

So  far  such  has  not  been  found  to  be  the  case,  but 
it  is  certainly  true  that  a  biological  examination  may 
throw  light  on  the  potable  quality  of  a  water  which  is 
not  to  be  obtained  by  chemical  methods.  The  charac- 
teristic micro-organisms  of  cholera  and  typhoid  fever 
arc  only  with  great  difticulty  isolated  and  separated 
from  the  crowds  of  harmless  species,  which  are  found 
in  greater  or  less  abundance  in  all  natural  waters.  The 
finding,  however,  of  a  greater  or  less  number  of  non- 
pathogenic bacteria  or  fungi  in  a  water  simply  gives 
confirmatory  evidence  of  the  presence  of  a  larger  or 
smaller  amount  of  organic  matter,  ammonia,  nitrates, 
or  phosphates  in  the  water,  which  form  a  suitable 
pabulum  for  bacteria. 

Chemically  pure  waters  are  found  to  contain  very  few 
bacteria  or  fungi,  whilst  impure  waters  often  swarm 
with  them.  They  increase  in  numbers  if  water  is 
stored  for  any  length  of  time. 

The  most  an  initial  analysis  of  a  water  can  tell  us  is 
whether  the  figures  of  the  analysis  indicate  little  or 
much  of  organic  impurity  as  judged  from  certain 
arbitrary  standards.  Whether  the  slight  contamination 
which  IS  practically  always  discovered  is  harmful,  or 
whether  the   particular    water    has    tettvAV'^    xfecwitA. 
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slight  (but  significant  and  may  be  dangerous)  pollution, 
1       can    only   be    told   with    certainty   by   several    careful 
1       analyses  of  the  same  water  at  short  intervals  of  time, 
and  the  careful  comparison  of  tlie  results  obtained  ;  or 
by  a  comparison    bctsveen    the   sample   of    water   and 
otliers  in  the  immediate  neij^libonrhood,  collected  from 
similar   sources   from    the   same   geological    area,   and 
which  arc  known  to  be  above  suspicion.     A  chemical 
analysis,  in   short,  cannot    always   guarantee    absolute 
purity  anil  safety,  but  it  \ery  frequently  serves  to  reveal 
itnpurity  and  danger. 

In  addition  to  a  chemical  and  biological  examination 
of  a  water  sample,  it  is  of  great  advantage  to  possess  the 
fullest  information  as  to  the  risks  of  pollution  which  the 
water  has  run,  and  this  can  only  be  obtained   from  a 
painstaking  local  investigation. 

^^          ANALYTICAL    RESULTS  OF   CERTAIN   WATERS 
^r                                       (PARTS   PER   lOO.OCXJ). 
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CHAI'TEK    II. 

ffe  COLLECTION.  RKMOVAL,  AND   DISPOSAL   OF 
EXCRKTAL   AND   OTHER   RUFUSIi. 

In  any  community  of  persons,  arrangements  must  be 
made  for  the  collection  and  removal  of  tKeir  excretal 
refuse  (faeces  an<l  urine),  of  the  waste  waters  from 
houses,  and  of  the  dry  refuse  (ashes,  dust,  and  refuse 
food).  The  solid  and  liquid  refuse  matters  from  stables, 
cowsheds,  and  slaugliter  houses,  street  sweepings,  and 
the  waste  waters  from  works  and  manufactories,  must 
also  be  removed. 

In  all  towns  the  collection  and  removal  of  dung, 
ashes,  dust,  refuse  food,  and  street  sweepings,  is  per- 
formed by  mechanical  labour,  the  various  processes 
above  mentioned  being  included  in  the  term  scaveiif^iiig : 
whilst  in  some,  human  fxces  and  a  certain  amount  of 
urine  are  also  removed  by  this  inethod,  after  being 
deposited  in  privies,  cesspools,  or  dry  closets,  on  wliat 
is  known  as  the  roMSfCfanrj' s/j/^w.  In  a  large  majority 
of  the  towns  of  this  country,  at  the  present  time,  human 
excrement  is  removed  with  the  liquid  refuse  of  dwellings 
on  what  is  known  as  the  water  carriage  systtm — a  system 
of  drains  and  sewers  for  the  passage  of  the  refuse  in  a 
liquid  condition  to  some  spot  outside  the  town. 

On  the  efficiency  with  which  refuse  matters,  and 
especially  human  excretal  refuse,  are  removed  from 
towns,  their  health  largely  dep>cnds.  The  health  uf 
towns  in  this  country  and  abroad  has  very  much  im- 
proved, and  the  death  rates  have  been  permanently 
lowered   since  the  completion  of  works  of  sewerage 
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Removal  of  Domestic  Dry  Refuse. 

Household  dust,  ashes  and  cinders  from  Ares,  scraps 
of  waste  food,  and  other  refuse  matters,  must  be  stored 
on  the  premises  of  the  house  until  they  can  be  removed 
by  the  sanitary  authority  or  by  the  dust  contractor. 
The  dry  refuse,  therefore,  consists  partly  of  mineral 
matters,  but  to  a  considerable  extent  of  organic  sub- 
stances derived  from  the  waste  scraps  of  food.  These 
latter,  being  prone  to  undergo  decomposition  when 
stored  in  dust-bins  or  other  receptacles,  are  very  liable 
to  become  a  source  of  nuisance,  It  is,  therefore,  very 
desirable  that  the  quantity  of  organic  refuse  to  be  stored 
on  the  house  premises  should  be  reduced  as  far  as 
possible ;  and  this  may  be  accomplished  by  burning 
the  more  easily  destructible  matters,  such  as  potato 
peelings  and  other  food  scraps,  in  the  kitchen  fire  at  the 
end  of  every  day. 

The  old-fashioned  brick  dust-bin  is  now  being  largely 
replaced  by  galvanized  iron  pails  or  boxes,  with  well- 
fitting  metallic  covers,  to  insure  dryness  of  the  contents 
and  their  protection  from  rain.  This  is  an  important 
point,  as  the  presence  of  moisture  hastens  putrefaction 
and  the  formation  of  offensive  gases  in  the  refuse.  The 
non-absorbent  wails  of  iron  pails,  and  the  ease  with 
which  they  can  be  moved  and  carried  out  to  the  dust- 
carts, constitute  very  great  advantages  over  the  brick 
dust-bins,  wFiose  walls  become  saturated  with  decaying 
matters,  and  whose  contents  have  to  be  shovelled  out, 
and  arc  often  incompletely  removed  at  each  visit  of 
the  scavengers.  The  contents  of  the  dust-bins  or  pails 
should  be  removed  at  least  twice  a  week  ;  in  summer  a 
more  frequent  removal  is  desirable,  but  is  not  usually 
practicable.     Specially  constructed  carts  pio\\dtd  \\\i\\ 
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covers  should  be  employed  to  convey  dust  refuse  through 
the  streets.  Horse  manure  must  also  be  frequently 
removed  from  stables,  and  the  removal  in  urban  districts 
is  often  attended  with  considerable  nuisance.  The 
nuisance  mainly  arises  at  the  time  of  loading  the  cart  in 

I  which  the  manure  is  removed  from  the  receptacle,  the 
disturbance  of  the  contents  of  the  receptacle  giving  rise 
to  very  offensive  gases ;  and  the  recently  disturbed 
manure  is  often  highly  oflfensive,  as  it  is  carted  along 
public  thoroughfares.  It  is  found  in  practice  that  the 
best  remedy  for  the  nuisance  is  to  store  the  manure  in 
the  same  cart  in  which  it  is  to  be  removed. 

PThe  disposal  of  house  refuse  has  hitherto  been  mainly 
effected  by  depositing  it  on  waste  ground,  the  site  being 

commonly  called  "  a  shoot."  The  practice  cannot  be 
H     defended,  and  it  is  slowly  giving  way  to  a  more  sanitary 

method,  i.e.,  the  destruction  of  refuse  by  fire.     As  the 

area  of  a  town  increases,  these  muck-heaps  often  become 
^B  the  sites  for  buildings  long  before  natural  agencies  have 
^  succeeded  in  purifying  the  "made-soil";  and,  moreover, 
I  the  difficulty  of  acquiring  sites  sufficiently  near  the  area 
K  to  be  scavenged  is  growing  greater  year  by  year  in  our 
^     larger   towns,  and  makes  the  adoption  of  some  other 

method  of  house-refuse  disposal  imperative. 

The  refuse,  when  deposited  at  the  "  shoot,"  is  often 
^  submitted  to  the  process  of  hand-sorting.  The  paper 
^B    and  rags  are  removed  for  paper-making,  the  tins  and 

iron    for   scrap,   the   bones    for    manure,  the    unbroken 

■  bottles  for  re-use,  and  the  broken  glass  for  renielting. 
This  sorting  process  is  a  degrading  occupation ;  the 
workers  are  of  necessity  in  a  filthy  condition,  and  the 
air  they  breathe  is  constantly  polluted  with  line  dust 
and  foul  odours. 

The  best  method  of  getting  rid  of  dust-bin  refuse  is  to 
burn   it   in  a  destructor  furnace.      Tlie  proportion  of 
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cinders  in  the  refuse  is  always  sufficient  to  insure 
complete  combustion  in  a  well- constructed  furnace.  A 
commercial  value  attaches  to  the  residuum,  either 
as  mortar  or  screened  clinker;  and  the  temperature 
attained  in  the  furnace,  while  destroying  the  refuse, 
can  be  utilized  to  generate  steam  for  electric  power,  to 
pump  water  or  sewage,  or  to  drive  mortar  mills. 

There  are  various  types  of  refuse  destructors,  most  of 
which  possess  the  following  features  in  common: — The 
furnaces  or  cells  are  strongly  built  of  brick  with  fire- 
brick lining,  and  the  general  building  is  also  of  brick. 
The  destructor  is  approached  by  an  inclined  roadway 
to  the  top  or  tipping  platform,  which  is  from  11  to  18 
feet  above  the  ground  level.  In  the  centre  of  this 
platform  is  a  series  of  feeding  holes  or  hoppers  into 
which  the  refuse  is  shot,  and  allowed  to  fall  into  the 
cells  below.  The  stokers  rake  the  refuse  forward  on 
to  the  fire-bars ;  and  after  burning,  the  refuse  is  reduced 
to  about  one-third  or  one- fourth  of  its  original  weight, 
the  residue  consisting  of  fine  ash,  hard  clinker,  &c.  By 
means  of  forced  draught  produced  by  a  steam  jet  or 
blowers,  the  combustion  can  be  made  so  complete  that 
temperatures  of  1,500  to  2,000"  F.  are  attainable  merely 
from  the  burning  of  the  refuse. 

Some  destructors  are  known  as  "slow  combustion"  or 
"low  temperature"  destructors,  and  in  these  "fume 
cremators"  should  be  provided  at  the  foot  of  the 
chimney.  In  the  fume  cremator,  which  is  a  coke 
furnace,  incompletely  burned  vapours  and  fine  dust 
particles,  which  are  liable  to  escape  into  the  air  from 
the  destructor  furnace,  arc  completely  burned  up  before 
they  can  enter  the  chimney-flue.  In  the  "high  tem- 
f)erature  "  destructors  such  cremators  are  unnecessary, 
and  the  expense  of  burning  the  coke  or  coke  breeze  is 
saved. 
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The  advantages  of  Ibe  "low  temperature"  destructor 
consist  in  the  diminished  wear  and  tear  on  the  fire-brick 
sides  of  the  cells,  and  the  consequent  saving  in  upkeep. 
On  the  other  hand,  the  disadvantages  are  that  both  the 
inlet  for  refuse  and  the  outlet  for  gases  are,  as  a  rule,  at 
the  rear  of  the  cell,  and  therefore  the  enipyreumatic  and 
noxious  vapours  and  fumes  given  off  during  the  drying 
of  the  refuse,  and  before  it  is  in  active  combustion, 
escape  before  being  burnt,  and  a  cremator  is  necessary. 
Further,  more  cells  are  required,  because  a  smaller 
quantity  nf  refuse  per  cell  (from  fi  to  8  tons)  is  burnt 
per  day  than  witli  "  higli  tenrptratiire "  destructors. 
In  the  "  high  temperature "  destructors  (such  as  the 
Horsfall  or  the  Beaman  and  Di-as)  the  outlet  for  gases 
is  at  the  front  of  the  cell,  and  the  vapours  given  off 
during  the  process  of  burning  and  drying  pass  over  the 
hottest  part  of  the  fire  to  reach  the  exit.  As  the  cell  is 
raised  to  a  very  high  temperature  by  forced  draught 
(steam  blast  or  fans),  such  gases  are  destroyed  within 
the  cell  itself;  a  larger  quantity  of  refuse  is  burnt  per 
day  per  cell  (».^.,  from  lo  to  i6  tons),  and  fewer  cells  are 
therefore  required.  On  the  other  hand,  they  cost  more 
for  maintenance. 

The  site  on  which  the  destructor  is  placed  should  be  a 
central  one  for  the  district  it  is  to  serve,  or  the  cost  for 
cartage  may  considerably  exceed  that  for  burning ;  and 
in  some  cases  it  would  appear  advisable  to  construct 
two  destructors  in  different  parts  of  a  large  town. 

The  number  of  cells  required  will  of  course  depend  on 
the  nature  and  amount  of  the  refuse  to  be  desttoyed,  and 
also  upon  the  type  of  cell  .KJopted.  If  a  "high  fempera- 
ture"  dcsltuctor  is  selected,  about  ten  cells  arc  neces- 
sary for  a  population  of  100,000.  These  cells  can  be 
erected  in  a  single  row  or  "  back  to  back  "  The  cost  of 
erection  may  be  taken  as  about  £500  per  cell,  including 
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enclosing  building ;  and  the  burning  will  cost  from  gd. 
to  25.  6d.  per  ton,  according  to  the  greater  or  less  com- 
pleteness of  combustion  required,  and  the  number  of 
tons  to  be  burnt  per  cell  per  day. 
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Human  Excreta. 


An  adult  male,  living  on  a  mixed  diet  of  animal  and 
vegetable  food,  passes  daily  4  ounces,  by  weight,  of 
solid,  and  50  Huid  ounces  of  liquid  excreta.  The  solid 
excreta  of  women  and  of  chiUhcn  under  twelve  years 
of  age  are  in  amount  consitlerably  loss,  probably  on  an 
average,  not  much  more  than  one-half  the  above  quan- 
tities. If  all  ages  and  both  sexes  are  considered,  the 
daily  atnount  of  excreta  per  head  of  a  mixed  population 
may  be  taken  at  2i  ounces  of  fa?ces,  and  40  lluid  ounces 
of  urine.  Fresh  faeces  contain  on  the  average  23-4  per 
cent,  of  dry  solids,  and  fresh  urine  contains  4*2  per  cent, 
(of  which  54  per  cent,  is  urea). 

To  find  the  amcunt  of  dry  solid  manure  produced  daily  by  a  popu- 
lation of  10,000,  wlicrc  the  pnil  system  is  in  Torce,  and  all  the  Hcces, 
Lul  only  one  lliiid  of  llie  iiriiif,  arc  Citllcclmt  in  the  pails. 

V^l  =  5850  oz.  of  dry  solids  in  Txccs. 


(io,oo3X  2-5  X  "-?) 
100 


(10,000  X  *   X  40  X  ^) 
3  100 


S6oo  oz.  of  dry  solids  in  urine. 


5850  -H  5600  =  11,450  or.  =  '±"»S?  (-715-6)  lb.i-lliI?(  =  o-3a)  Ion. 
lb  2240 

if  this  manure,  instead  of  being  dry,  contains  35  per  cent,  of  mois- 
ture, it  will  weigh  .  of oj2  ~  o'4j  ton. 
3 

If  it  contains  50  per  cent,  of  moisture,  it  will   weigh  2  X  0-32  = 
064  ton. 

If  it  contains  75  per  cent,  of  moisture,  it  will  weigh  4  X  0*32  ^ 
i-zS  tons. 

And  if  it  contains  go  per  cent,  of  moisture,  it  will  weigh  10  X  0*32 
~  3-2  tons. 
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The  quantity  of  nitrogen  voided  per  head  daily  in  the 
excreta  of  a  mixed  population  was  calculated  by  the  late 
Professor  Parkes  as  being  15J  grains,  or  equal  to  iSS 
grains  of  ammonia.  The  other  valuable  constituents  of 
the  excreta  are  phosphates  and  potash.  A  given  weight 
of  faeces  is  more  valuable  than  the  same  weight  of 
urine,  in  the  proportion  of  about  ten  to  six  ;  but  the 
weight  of  urine  passed  daily  (in  a  mixed  population)  is 
about  sixteen  times  as  great  as  that  of  the  fxces,  con- 
sequently the  total  urine  is  worth  about  ten  times  as 
much  as  the  total  faeces. 

The  estimated  or  theoretical  money  value,  then,  of 
the  excretal  refuse  of  an  individual  of  a  mixed  popula- 
tion for  one  year  may  be  taken  as  being  6s.  8d.  to  ys. 
It  is  very  evident  that  it  must  be  impossible  to  realize 
practically  any  such  value,  because  it  is  impossible  to 
collect  the  whole  of  the  urine  and  faeces  free  from 
admixture  with  other  substances,  which  greatly  de- 
tract from  the  value  because  they  are  agriculturally 
worthless. 

Faeces  and  urine,  especially  when  mixed,  as  in  cess- 
{xx)ls,  privies,  and  sewers,  rapidly  undergo  putrefactive 
changes,  giving  rise  to  the  formation  of  foetid  gases 
(organic  vapours,  ammonium  sulphide,  &c.).  The  urea 
— CO(NH,), — of  the  urine  decomposes,  giving  rise  to 
carbonate  of  ammonia— C0(NH,),+  2H,0  =  (NHJ,C0j 
— and  so  rapid  is  the  change  that  it  is  probable  that, 
even  in  the  best  sewered  town,  ail  the  urea  of  the  urine 
in  the  sewage  has  been  converted  into  ammonia  before 
the  arrival  of  the  sewage  at  the  outfall. 

House  Waste  Waters. 

In  these  are  included  the  waste  waters  from  kitchens, 
which  arc  highly  charged  with  decomposable  organic 
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matters  and  grease,  and  slop  waters  containing  urine, 
soap,  and  the  dirt  from  the  surface  of  the  body  and 
from  clothes.  These  waste  waters,  when  mixed  with 
the  liquid  refuse  or  drainage  of  stables,  cowsheds,  and 
slaughter  houses,  with  the  washings  from  the  street  sur- 
faces, with  the  urine  from  public  urinals,  and  the  waste 
liquors  from  manufactories,  form  the  sewage  of  the  non- 
water-closeted  or  midden  towns.  The  drainage  from 
stables  is  very  rich  in  urine  (one  horse  excretes  about 
fifteen  times  as  much  urine  as  an  adult  man),  and  the 
waste  liquors  from  manufactories  are  often  excessively 
Joul. 

It  is  not  surprising,  then,  to  find  that  such  sewage  is 
^ften  quite  as  foul  as  that  of  water-closeted  towns, 
which  contains  the  solid  human  excreta  as  well.  The 
putrescible  organic  matters  in  suspension  are  greater  in 
midden  than  in  water-closet  sewage,  whilst  the  organic 
L  matters  in  solution  are  but  slightly  less  in  the  former 
h^an  in  the  latter.  The  Rivers  Pollution  Commissioners 
r  stated  in  their  First  Report  that,  "  for  agricultural  pur- 
poses, lo  tons  of  average  water-closet  sewage  may,  in 
round  numbers,  be  taken  to  be  equal  to  12  tons  of 
average  privy  sewage " — i.e.,  sewage  of  privy  towns, 
where  human  faecal  matters  are  kept  out  of  the  sewers. 
Such  being  the  case,  it  is  necessary  to  bear  in  mind 
that,  in  towns  where  there  are  middens  or  some  form  of 
dry  closet  for  the  collection  of  faicat  matters,  there  is 
also  a  liquid  sewage  to  be  conveyed  away  from  houses 
by  drains  and  from  the  town  by  sewers,  which  is  too 
impure  to  be  admitted  into  a  stream,  and  which  must 
therefore  be  purified  before  being  discharged. 

Conservancy  Systems. 
Thf    Privy   or    Midden    System. — The    system    which 
formerly   prevailed  in  many  towns  in  this   country — 
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where  there  was  any  system  at  all — was  that  of  privies, 
midden  pits,  and  cesspools,  often  open  to  the  air  and 
unprotected  from  rain,  and  situated  in  the  yards  and 
areas  about  houses.  These  receptacles  were  generally 
mere  holes  dug  in  the  ground,  and  their  contents  over- 
flowed, saturating  the  air  with  noxious  effluvia,  or  per- 
colated into  the  soil  around  the  houses,  and  poisoned 
the  water  in  the  neighbouring  wells. 

.•\t  the  present  time,  in  those  towns  which  still  retain 
conservancy  systems,  the  middens  are  required  to  be 
constructed  according  to  certain  definite  rules.  The 
model  bye-laws  of  the  Local  Government  Board  with 
regard  to  the  construction  of  privies  and  middens  for 
new  buildings  require  Ihat  the  privy  must  be  at  least 
6  feet  away  from  any  dwelling,  and  40  or  50  feet  away 
from  any  well,  spring,  or  stream  ;  means  of  access  must 
lie  provided  for  the  scavenger,  so  that  the  filth  need  not 
be  carried  through  a  dwelling;  the  privy  must  be  roofed 
to  keep  out  rain,  and  provided  with  ventilated  openings 
as  near  the  top  as  practicable  ;  that  part  of  the  iloor  of 
the  privy  which  is  not  under  the  seat  must  be  not  less 
than  6  inches  above  the  level  of  the  adjoining  ground, 
must  l>e  flagged  or  paved  with  hard  tiles,  and  must  have 
an  inclination  towards  the  door  of  the  privy  of  i  inch 
to  the  foot ;  the  capacity  of  the  receptacle  under  thei 
seat  of  the  privy  must  not  exceed  8  cubic  feet — a  weekly 
removal  is  then  necessary ;  the  floor  of  this  receptacle 
must  l>e  in  every  part  at  least  3  inches  above  the  level 
of  the  adjoining  ground  ;  the  sides  and  floors  of  this 
receptacle  must  be  constructed  of  impermeable  material 
— they  may  \>c  flagged  or  asphalted,  or  constructed  of 
9-inch  brickwork  rendered  in  cement ;  the  seat  may  be 
hinged,  or  other  means  of  access  to  the  contents  of  the 
privy  must  Ik;  provided  ;  and  the  receptacle  must  not 
communicate  with  any  drain  or  sewer. 
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With  privies  constructed  and  managed  according  to 
these  rules,  there  would  be  no  danger  of  percolation  of 
liquid  filth  into  the  soil  around  houses  anil  in  the  neigh- 
bourhood of  wells  ;  and  there  would  not  be  much  pollu- 
tion of  the  air  from  the  excreta — except  during  removal 
—  if  dryness  was  insured  by  the  proper  application  to 
them  of  ashes  and  cinders.  The  success  of  the  system 
depends  to  a  large  extent  on  efficient  inspection  by  the 
sanitary  inspector,  and  on  proper  scavenging  arrange- 
ments. 

Cesspools. — These  receptacles  for  filth  arc  so  evidently 
undesirable  in  the  neighbourhood  of  houses  that  it  is 
the  practice  now  in  nearly  all  towns  to  (ill  them  in,  and 
provide  more  suitable  means  for  the  collection  of  ex- 
creta. Until  the  repeal,  in  1815,  of  the  law  which  pro- 
hibited the  passage  of  sewage  from  houses  into  the 
sewers,  nearly  every  large  house  in  a  town  had  a  cess- 
pool on  the  premises,  often  of  enormous  size,  and  situ- 
ated in  the  basement.  When,  in  the  year  1847,  it 
became  compulsory  to  carry  house  drains  into  sewers, 
many  of  these  cesspools  were  filled  up  or  otherwise 
abolished  ;  but  many  of  them  escaped  observation,  and 
to  the  present  day  it  is  no  unusual  thing  to  find  one  or 
more  cesspools  in  the  basements  of  town  houses,  of  tlie 
existence  of  which  the  owners  or  occupiers  are  igno- 
rant. 

In  country  districts  where  there  are  no  sewers,  cess- 
pools are  still  largely  used  for  the  reception  of  human 
excreta  and  waste  waters.  When  dug  in  a  porous  soil, 
such  as  gravel  or  chalk,  they  are  too  frequently  con- 
structed to  allow  all  the  liquiti  filth  to  percolate  through 
their  walls  into  the  soil,  with  the  almost  certain  danger 
of  polluting  wells,  springs,  and  other  sources  of  under- 
ground water-supply.  When  the  liquids  escape  thus 
easily,  the  cesspool  but  very  rarely  requires  emptying. 
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and  this  fact  constitutes  the  raison  d'etre  of  \hc  porous 
cesspool. 

The  model  bye-laws  of  the  Local  Government  Board 
for  new  buildings  require  that  a  cessf>ool  must  be  at 
least  50  feet  away  from  a  dwelling,  and  60  to  80  feet 
distant  from  a  well,  spring,  or  stream.  It  must  have 
no  communication  with  a  drain  or  sewer  (in  sewered 
districts) ;  its  walls  and  floor  must  be  constructed  of 
good  brickwork  in  cement,  rendered  inside  with  cement, 
and  with  a  backing  of  at  least  9  inches  of  well-puddled 
clay  around  and  beneath  the  brickwork.  The  top  of 
the  cessf)ool  must  be  arched  over,  and  means  of  ventila- 
tion provided.  Constructed  in  accordance  with  these 
rules,  the  possible  dangers  of  cesspools  are  reduced  to  a 
minimum. 

In  this  country  cesspools  are  generally  emptied  by 
hand  labour — a  disgusting  and  dangerous  task — or  by 
pumping  into  a  night  soil  cart.  On  the  Continent,  and 
especially  in  Paris— where  nearly  every  house  has  its 
fosu  permaiuHte  in  the  courtyard — the  cesspools  are 
emptied  by  pneumatic  pressure.  A  flexible  tube,  con- 
nected with  a  tub  or  tonneau  exhausted  of  air  by  an 
air-pump,  is  thrust  down  to  the  bottom  of  the  cesspool. 
On  turning  a  valve,  the  pressure  of  the  atmosphere 
forces  the  contents  up  into  the  tonneau.  This  method  is 
said  not  to  give  rise  to  any  nuisance  comparable  with 
that  from  emptying  the  cesspools  by  hand  laliour. 
Whenever  a  cesspool  or  privy  pit  ceases  to  be  used, 
it  should  be  completely  emptied,  and  the  contaminated 
brickwork,  earth,  &c.,  removed  ;  or,  after  emptying,  its 
Inlls  should  be  well  limed,  and  then  filled  up  to  the 
ground  level  with  good  concrete  or  with  suitable  dry, 
clean  earth  or  brick  rubble. 

The  Pail  Sy%ttm. — In  this  system  the  excreta  are  re- 
ceived into  movable  receptacles,  such  as  pails  and  tubs. 


Removal  is  thereby  preatly  facilitated,  and  there  is  no 
pollution  of  the  air  from  disturbance  of  contents,  as 
there  always  must  be  when  the  contents  of  middens  are 
taken  away.  In  some  towns  iron  pails  are  used,  in 
others  tarred  oak  pails.  The  capacity  of  the  pail 
should  not  be  greater  than  2  cubic  feet.  Both  kinds 
should  be  provided  with  a  close  fitting  lid,  to  be  ad- 
justed before  removal  of  the  pail  by  the  scavenger. 
The  structure  of  the  privy  (fig.  5)  need  only  be  very 
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Simple;  it  should  be  well  roofed  and  touvred  for  venti- 
lation, its  floor  being  raised  above  the  level  of  the 
ground  adjoining  and  flagged,  and  the  pail  placed  under 
the  seat.     The  seat  may  be  hinged,  to  insure  a   more 
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tplcte  covering  of  tlie  excreta  with  cinders  and  ashes, 
when  these  arc  used,  ;inil  to  allow  of  tlic  removal  of  the 
pail ;  or  tlie  back  wall  of  the  closet  may  be  provided 
with  a  door  to  etTect  tlie  latter  purpose.  Tlie  pail 
siiouid  be  removed  at  not  longer  intervals  than  once  a 
week,  and  a  clean  one  substituted. 

It  is  very  important,  from  a  sanitary  point  of  view, 
that  the  pail  contents  should  be  kept  as  dry  as  possible ; 
and  for  this  object  the  house  ashes  anil  cinders  should 
be  thrown  into  the  pail,  either  by  a  scoop  after  each  use 
of  the  closet,  or  by  a  mechanical  arrangement  (to  be 
described  under  eartliclosets;)  above  the  pail,  which  sifts 
the  cinders  and  deposits  the  fine  ash  automatically  on 
the  pail  contents,  as  in  Morell's  closet.  At  Nottingham 
the  pails  are  the  receptacles  for  the  chamber  urine  and 
Solid  kitchen  refuse,  as  well  as  for  the  excreta  ami  ashes. 
It  is  perhaps  convenient  for  the  authorities  to  remove  all 
house  refuse  in  one  receptacle;  l)Ut  if  it  is  inlcmled  to 
create  a  saleable  manure  from  the  cxcntal  refuse,  all 
garbage  and  kitchen  refuse,  and  even  all  but  the  very 
hnest  ash  (for  this  detracts  from  tlie  value  of  the 
manure),  should  be  kept  out  of  the  pails  and  removed 
separately.  In  such  cases  the  pail  contents  can  no 
longer  be  kept  dry,  and  sanitary  considerations  are,  to 
a  certain  extent,  sacrificed  to  insure  commercial  ends. 

All  slops  should  be  kept  out  of  the  pails,  ami  should 
be  earned  away  from  the  houses  in  drains,  with  tiic 
other  waste  waters.  In  some  cases  separation  of  the 
urine  from  the  f:eces  has  been  attempted.  Besides 
intro<iuc:ing  a  rumplication  into  a  system  whose  chief 
merit,  perhaps,  is  simplicity,  this  plan  is  open  to  the 
great  objection  of  abstracting  the  most  valuable  fertiliz- 
ing constituents  of  the  manure  in  /•ossf. 

In  the  Gcux  syiUm  an  attempt  is  made  to  dry  the 
excreta  by  lining  a  wcodeu  tub  with  a  layer  of  refuse 
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sawdust,  shoddy,  tan,  or  other  absorbent  material,  to 
which  is  added  a  httle  soot,  charcoal,  )^psum,  or  other 
cheap  deodorizer.  This  system  is  in  use  at  Halifax, 
and  on  the  whole  has  worked  well. 

Wpoti  charcoal  and  charcoal  obtained  from  seaweed 
(Stanford's  patent)  have  been  used  instead  of  ashes  to 
aid  in  drying;  the  pail  contents.  They  act  as  absorb- 
ents, and  possibly  to  a  certain  extent  as  deodorizers. 

Mattufacture  of  Manure. — In  towns  situated  in  agricul- 
tural districts,  where  there  is  a  demand  for  the  coarser 
sorts  of  manure,  the  pail  contents  need  merely  be  mixed 
with  a  certain  portion  of  fine  ash.  But  in  some  of  the 
large  towns,  where  the  pail  systems  are  in  vogue,  it  is 
now  the  practice  to  cunvert  the  pail  contents  into  a  dry 
manure  of  a  more  imperishable  character,  which  can  be 
packed  and  sold  at  a  distance.  The  heat  required  for 
this  purpose  is  generated  by  the  combustion  of  house 
cinders  and  refuse  in  a  destructor  furnace,  the  invention 
of  Mr.  I'ryer. 

The  pail  contents — urine  and  fxces  without  ashes — 
are  mixed  with  a  small  portion  of  sulphuric  acid,  to  fix 
the  ammonia,  in  an  air-tight  store  tank,  where  the 
thicker  portion  of  the  material  settles  at  the  Iwttom. 
The  more  fluid  portion  of  the  contents  of  the  tank  is 
drawn  off  into  evaporators,  which  are  tail  cast-iron 
cylinders,  each  containing  near  its  lower  end  a  drum- 
shaped  heater,  precisely  resembling  a  multitubular 
steam-boiler.  These  cylinders  are  partially  filled,  and 
the  healing  drums  are  covered  with  the  thin  liquid  ; 
steam  is  then  introduced  within  llie  he.iling  drums,  and 
llie  liquid  becomes  pattially  concentrated. 

When  the  contents  of  tliese  cylinders  have  lost  by 
evaporation  the  greater  porption  of  their  water,  they  are 
drawn  off  into  a  Firman's  Dryer,  into  which  the  thick 
portioa  of  the  pail  contents,  which  settled  in  the  stor 
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tank,  has  also  been  admitted.  This  machine  consists 
of  a  steam-jacketed  horizontal  cylinder,  traversed  by  a 
steam-heated  axis  with  steam-heated  revolving  arms, 
and  furnished  with  scrapers  to  keep  the  inner  surface  of 
the  cylinder  free  from  accumulations  of  dried  excreta. 
The  pail  contents  are  admitted  into  the  dryer  at  a  con- 
sistency of  thin  mud  ;  after  treatment  they  emerge  as  a 
dry  powder — potidrette — resembling  guano  in  appearance 
and  quality,  and  estimated  to  be  worth  from  £i  to  £6 
per  ton,  dependent  upon  analysis.  The  odorous  gases 
given  off  during  the  process  are  all  passed  through  the 
destructor  fire  and  burnt.  From  the  time  the  liquid 
material  enters  the  store  tank  until  the  end  of  the 
process  when  it  emerges  as  a  dry  powder,  no  odorous 
gases  should  escap>e  into  the  outer  air,  and  no  nuisance 
ought  to  result. 

Tht  Dry  Earth  System.— T\i\s  system  is  the  invention 
of  the  late  Rev.  Henry  Moule,  and  consists  in  the  appli- 
cation to  the  excreta,  deposited  in  a  pail  or  tub,  of  a 
certain  quantity  of  dried  and  sifted  earth.  One  and  a 
half  pounds  of  dry  earth  applied  in  detail,  i.e,,  each  par- 
ticular stool  being  covered  at  once  with  this  quantity, 
is  found  to  be  sufficient  to  remove  all  smell  and  to  form 
a  compost  which  remains  inoffensive  as  long  as  it  is 
dry.  A  certain  action  takes  place  in  the  mixture  of 
earth  and  excrement,  which  results  in  the  complete 
disintegration  of  the  fsecal  matters  and  paper,  which 
after  a  time  are  found  to  have  completely  disappeared 
and  are  no  longer  recognisable.  The  compost  after 
further  drying  may  be  used  over  again,  and  has  the 
same  action  as  the  original  dry  earth.  The  best  kinds 
of  earth  are  brick  earth,  loamy  surface  soils,  and  vege- 
table mould.  Sand,  gravel,  and  chalk  are  unsuitable 
and  inefficient. 

The  closet  generally  used  with  tbi$  system  is  almost 
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ideatical  with  the  cinder-sifting  ash-closet  previously 
mentioned.  There  is  a  hopper  or  metallic  receptacle 
above  and  behind  the  seat,  and  the  proper  amount  of 
dry  earth  is  shot  into  the  pail  by  a  simple  mechanical 
contrivance  connected  with  a  handle,  or  self-acting  scat 
arrangement.  The  contents  of  the  pail  must  be  kept 
as  dry  as  possible,  or  fermentation  results,  with  the  dis- 
engagement of  foul  gases  ;  consequently  slops  must  on 
no  account  be  thrown  into  them,  and  even  chamber 
urine  must  be  kept  out  of  them,  unless  a  considerable 
extra  quantity  of  dry  earth  is  used.  The  earth  must  be 
dried,  before  use,  over  a  stove,  and  then  sifted  by 
means  of  a  sieve,  the  finer  portions  only  being  used. 

There  can  be  but  little  doubt  that  the  compost  or 
manure  produced  by  the  passage  of  the  earth  even  five 
or  six  times  through  the  closet  has  but  little  agricul- 
tural value.  The  late  Dr.  Voelcker  estimated  its  value 
as  only  ^s.  6d.  per  ton.  It  is  probable  that  there  is 
some  escape  or  evolution  of  nitrogen  in  a  free  state 
from  the  manure  when  kept  ;  and  this  may  partly 
account  for  its  deficiency  in  fertilizing  properties.  But 
when  we  reflect  on  the  large  amount  of  valueless  earth 
with  which  the  compost  is  diluted,  and  the  absence 
from  it  of  a  large  proportion  of  the  daily  urine  of  each 
individual,  the  reasons  for  its  low  value  are  not  far  to 
seek. 


The  Disposal  of  Slop  Waters. 


We  have  already  seen  that  the  conservancy  systems 
do  not  provide  for  the  removal  of  the  liquid  refuse, 
domestic  or  municipal ;  and  we  have  seen,  too,  that  in 
the  so-called  midden  towns  this  liquid  refuse  or  sewage 
is  quite  as  impure  as  the  ordinary  sewage  of  water- 
closet  towns.     In  these  towns,  too,  there  is  always  «>. 
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certain  percentage  of  houses  provided  with  water- 
closets,  so  that  the  crude  matter  passing  into  the 
sewers  is  inadmissible  into  a  river  or  stream,  and 
requires  to  be  purified.  A  system  of  drains  and  sewers 
is  necessary  for  its  removal  from  the  town  ;  and  the 
principles  on  which  such  drains  and  sewers  must  be 
constructed  do  not  differ  from  those  which  would  be 
necessary  if  they  were  intended  to  carry  water-closet 
sewage  as  well. 

In  small  villages  and  isolated  houses,  provided  with 
middens  or  some  form  of  dry  closet,  the  slop  waters  are 
usually  carried  by  a  drain  from  a  sink  or  yard  gully  into 
"sumpt"  holes  in  the  garden,  into  an  open  ditch,  into 
acessp<x>l,  or  into  a  stream  ;  if  into  a  "  sumpt  "  hole  or 
open  <litcii,  there  to  stagnate  and  generate  offensive 
gases;  if  into  a  cesspool,  often  to  percolate  through  its 
porous  walls  and  pollute  the  neighbouring  wells ;  and  if 
into  a  stream,  to  foul  it  nearly  as  much  as  if  they  con- 
tained the  solid  excreta  also.  The  slop  waters  may  be 
retained  in  cesspools  which  are  rendered  impermeable 
by  brickwork  set  in  cement  and  well  puddled  with  clay 
outside ;  and  they  can  then  tie  utilized  on  garden  ground 
by  means  of  a  pump  and  hose  and  jet.  They  may  also 
W  passed  through  a  small  coke  or  ash  filter,  which 
should  be  prepared  on  a  specially  selected  area  well 
away  from  the  house ;  or  they  may  be  disposed  of  by 
irrigt'iiion  upon  grass  fields.  Wherever  the  nature  of 
the  soil  — a  porous  soil  is  best — and  the  slope  of  the  land 
will  permit  of  it,  recourse  may  be  had  to  siibirrigatioii, 
to  purify  the  dirty  water  and  utilize  it  to  the  best 
advant.igr.  A  very  small  piece  of  ground  is  rei]uireil 
for  this  purfKJSc.  Mr.  Kogers  Field  considered  4  perches 
of  land  sufficient  for  an  ordinary  cottage.  The  drain 
conveying  the  slop  waters  from  the  house  should  be 
connected  by  a  f<;w  lengths  of  impermeable  piping  with 
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a  system  of  2-inch  agiicullural  porous  earthenware 
pipes,  laii]  ahout  5  or  6  fcet  apart,  with  open  joints, 
at  a  <iepth  of  about  8  to  1 2  inches  in  the  soil,  tlie 
whole  having  a  slight  fall  or  inclination  away  from 
the  house  of  6  or  8  inclies  in  100  fcet.  The  ends  of 
the  pipes  should  rest  upon  cradles  formed  of  half-pipes, 
and  similar  covers  should  be  placed  above,  so  as  to 
prevent  earth  gcttinLj  into  the  pipes,  whilst  allowing*  the 
water  to  escape.  The  iowt?r  end  of  the  main  outlet  pipe 
should  turn  up  into  the  air  to  allow  air  to  escape.  This 
is  especially  necessary  when  ihe  slop  waters  are  dis- 
charged into  the  sub-irrigation  drains  by  a  Hash  tank. 

If  tiie  soil  is  very  porous,  no  under-drainage  is  needed; 
otherwise,  porous  drain  pipes  must  be  laid  at  a  depth  of 
about  3  feet  from  the  surface,  with  an  outlet  into  a 
stream  or  ditcli.  The  slop  waters  escape  thtough  the 
open  joints  of  the  sub-irrigation  pipes  into  the  soil, 
where  some  of  their  fertilizing  ingredients  are  absorbed 
by  the  roots  of  the  grasses  and  vegetables  grown  on  the 
plot,  and  the  rest  is  purified  by  percolation  through 
the  soil ;  so  that  the  efHuent  water  passes  away  free 
from  all  polluting  organic  matters  into  a  stream  or  ditch, 
or  helps  to  swell  the  volume  of  the  subsoil  water. 

The  chief  difficulty  in  connection  with  this  method  is 
that  the  flow  of  slop  waters  from  a  single  house  is  so 
small  that  tlie  liquid  penetrates  but  a  short  way  along 
the  sub-irrigation  pipes,  which  become  in  time  choked 
with  deposit ;  and  that  jiortion  of  the  sub-irrigation  plot 
nearest  the  house  receives  an  unduly  large  share  of  the 
irrigating  liquid  and  its  cleansing  properties  are  speedily 
overtaxed.  This  difticulty  has  been  overcome  by  pro- 
viding a  flush  tank  which  will  discharge  at  intervals 
into  the  head  of  the  system.  The  tank  now  in  most 
general  use  for  this  purpose  is  fitted  with  the  annular 
siphon  arrangement  invented  by  Mr,  Rogers  FveVd. 
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In  the  annular  siphon  (fig.  6)  the  ascending  arm  of  an 
ordinary  siphon  is  represented  by  a  short  wide  cylindri- 
cal pipe,  closed  at  the  top,  which  is  placed  over  and 
encloses  the  descending  arm,  a  longer  pipe  of  smaller 
diameter.  The  upper  end  of  the  descending  arm  is 
open,  and  in  Field's  tank  is  provided  with  a  lip  project- 
ing inwards  and  downwards,  which  serves  to  direct  the 
water,  as  it  overflows,  into  the  centre  of  the  pipe.  The 
lower  end  of  the  descending  arm  opens  over  a  discharg- 
ing trough  below  the  body  of  the  tank,  and  is  trapped  by 
the  water  which  stands  in  this  trough  to  the  level  of  the 
top  of  a  weir,  over  which  the  water  flows  into  a  pijje 
connected  with  the  head  of  the  sub-irrigation  system. 

Only  a  very  small 
dribble  of  water  into 
the  tank  is  necessary 
to  put  the  siphon  into 
action.  This      takes 

place  as  follows:  As 
the  cistern  fills,  the 
water  ascends  between 
the  inner  and  outer 
pipes  constituting  the 
siphon,  until  it  reaches 
the  level  of  the  top  of 
the  inner  pipe,  the 
air  displaced  finding  an 
exit  through  this  pipte 
and  the  discharging  trough  below.  The  water  then 
trickles  over  the  top  of  the  inner  pip>e,  and,  thrown  into 
its  centre  by  the  lip,  falls  clear  of  the  sides,  entangling 
and  carrying  air  with  it,  which  cannot  pass  back,  owing 
to  the  lower  end  of  the  pip>e  being  trapped.  This  con- 
tinues until  the  siphon  is  sufficiently  exhausted  of  air  to 
be  brought  into  action,  when  the  whole  contents  are 
discharged  by  sjphonage. 
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The  frequency  of  discharge  of  the  tank  can  be  regu- 
lated by  adjusting  the  tap  through  wliich  the  water 
enters ;  the  merest  drihhie  is  usually  quite  sufficient. 
This  tank  in  practice  works  admirably,  "dribbling"  and 
,*'  continuous  action  "  being  impossible,  if  it  is  placed  on 
a  perfectly  level  surface  with  the  discharge  pipe  quite 
plumb.  Flush  tanks  are  now  usually  fitted  with  a 
"reversed"  ball-valve.  When  the  ball  is  depressed  in 
the  tank  very  tittle  water  passes  through  the  valve ;  but 

hen  the  tank  is  very  nearly  full  the  valve  is  fully 
opened,  a  rush  of  water  enters  the  tank,  and  siphonage 
at  once  takes  place.  Dribbling  and  continuous  action, 
which  are  due  to  smallness  of  flow  into  the  tank,  are 
thus  avoided,  whilst  the  time  of  filling  the  tank  can  still 
be  regulated  as  desired. 

It  is  not  necessary  to  strain  the  slop  waters  before 
they  enter  the  tank,  as  they  contain  but  few  of  the 
coarser  suspended  matters  and  solid  particles  found  in 
water-closet  sewage.  The  sub-irrigation  drains  require 
to  be  taken  out  of  the  ground,  and  the  deposit  removed 
before  they  are  relaid,  about  once  every  five  years, 
according  to  circumstances. 


I 


Comparison  of  Methods. 

There  can  be  no  doubt  that  all  conservancy  systems 
proceed  on  a  wrong  principle,  viz.,  tliat  of  keeping  ex- 
cremental  matters  within  or  near  dwellings  as  long  as 
they  are  not  considered  to  be  a  nuisance  or  a  danger  to 
health.  In  towns  the  expense  of  scavenging  is  directly 
proportional  to  the  frequency  of  removal,  so  that  there 
is  always  an  inducement  to  the  local  authority  to  econo- 
mize at  the  risk  of  the  health  of  the  inhabitants,  The 
costs  of  this  kind  of  scavenging  are  high — in  many  towns 
very  high — and  in  but  very  few  does  the  sale  of  the 
refuse  cover  the  expense.     That  imptoveCi  m\A<i«i.tft  ■a.'cA 
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pail  or  earth  closets  are  a  great  advance  upon  the  former 
disgraceful  conditions  wliicli  prevailed  in  most  towns, 
nobody  will  deny.  'I'he  principal  objection  to  them  is 
that  they  only  deal  with  a  small  part  of  the  refuse  of  a 
population,  and  fail  to  deal  with  the  sewage  of  a  highly 
polluting  character. 

Movable  receptacles  are  far  better  than  fixed  ones  for 
the  collection  of  excreiiiental  matters.  Eiy  the  use  of 
pails,  the  {xillution  of  the  air  caused  by  the  removal  of 
the  contents  of  the  middens,  and  the  pollution  of  the  soil 
— always  a  danger  with  middens — are  avoided.  Ashes 
or  dry  earth  should  be  used  with  the  pails,  to  insure,  as 
far  as  possible,  dryness  of  their  contents,  it  is  belter 
to  sacrifice  a  possible  profit  on  the  nianure  than  to  run 
the  risk  of  spreading  disease  by  fermentation  of  the 
liquid  filth.  The  pail  system  is  undoubtedly  the  best 
for  towns  which  will  not  enforce  the  adoption  of  water- 
closets,  but,  however  suitable  for  country  liouses  and 
villages  in  this  country,  and  for  villages  and  stations  in 
India,  and  in  cold  countries,  where  the  water  supply  is 
small  and  liable  to  interruptions,  and  where  earth  of 
suitable  quality  is  easily  procured  and  dried,  and  the 
compost  can  be  distributed  over  gardens  and  fields  in 
the  immediate  vicinity,  it  is  quite  inapplicable  to  towns 
of  any  size,  on  account  of  the  enormous  quantities  of 
earth  that  would  have  to  be  dried  and  brought  into  the 
town,  the  difficulties  of  storing  the  earth  on  the  premises 
of  houses  and  keeping  it  dry,  and  the  still  larger  quan- 
tity of  nearly  worthless  manure  to  be  removed  out  of  the 
town  and  finally  disposed  of. 

The  Water-Carriage  System. 

In  this  system  the  solid  excreta  together  with  all  liquid 
i  refuse  arc  conveyed  away — borne  along  by  flowing  water 
I— in   drains   and   sewers    from    the   neighbourhood    of 
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houses  and  towns.  In  many  towns,  before  any  general 
introduction  of  water-closets,  sewers  existed  for  con- 
veying away  house  waste  waters,  stable  drainage,  sur- 
face and  storm  waters,  and  in  some  cases  waste  lifjuors 
from  manufactories.  These  sewers,  which  were  made 
of  brick,  oval  or  circular  in  section,  acted  also  as  land 
drains;  for  not  being  constructed  of  impermeable 
materials,  they  admitted  subsoil  water,  and  had  con- 
siderable eflect  in  drying  the  soil. 

It  became  at  one  time  also  the  practice  to  drain  off 
the  liquid  contents  of  privies  and  middens,  or  to  carry 
overflow  pipes  from  cesspools  into  these  sewers,  wliich, 
not  being  designed  to  receive  excremental  refuse  of  this 
description,  speedily  became  choked  with  sediment. 
This  sediment  rapidly  putrefied,  and  the  offensive  gases 
given  off  created  an  abominable  nuisance.  It  then 
became  necessary  for  the  sewers  to  be  regularly  cleansed, 
and  this  deposit  had  to  be  removed  at  great  expense  by 
hand  labour.  The  drainage  of  privies  and  middens 
entered  the  sewers  in  a  most  foul  and  offensive  con- 
dition, owing  to  the  putrid  state  of  the  contents  of  these 
receptacles.  Another  result  was  that  the  streams  and 
rivers  into  which  this  sewage  was  permitted  to  pass 
became  highly  polluted.  In  many  towns  these  brick 
sewers  still  exist,  and  perform  the  double  function  of 
removing  sewage  and  rain  water,  and  draining  the  sub- 
soil ;  whilst  in  others  they  are  only  permitted  to  perform 
their  original  function  of  carrying  o(T  rain  and  surface 
water  and  of  draining  the  subsoil,  impermeable  pipe 
sewers  being  laid  to  remove  the  sewage  of  the  town  on 
what  is  known  as  the  separate  syslem. 


House  Drainage  Arrangements. 

Water-closets. — A  water-closet  may  be  defined  as  an 
apparatus  for  the  reception  of  excrement,  viVv\c\\  \s  cow- 


h 


iioa 


HYGIENE    AND    PUBLIC    HEALTH. 


H  nected  with  a  sewer  by  a  pipe,  and  in  which  water  must 
be  used  to  carry  away  the  excrement  deposited  in  it. 

»It  is  therefore  seen  at  once  to  differ  in  all  essentials  from 
a  privy,  which  ought  not  to  be  connected  in  any  way 
with  a  sewer,  and  in  which  water  cannot  properly  be 

I  used.  Water-closets  may  be  classified  under  two  heads: 
(a)  Those  in  which  there  is  no  movable  apparatus  for 
retaining  water  in  the  basin  ;  (b)  those  in  which  there  is 
such  a  movable  apparatus.  Under  the  first  head  are 
included  the  various  types  of  koppet  doseis;  under  the 
second  head,  pan,  valve,  and  plug  closets. 

The  Iwpper  closet  consists  of  an  inverted  stoneware 
cone,  connected  below  with  an  cO-shaped  pi[>e,  which 
retains  sufficient  water  to  prevent  the  free  passage  of 
air,  and  is  known  as  a  siphon  trap.  The  old  form  of 
hop|}er  closet  called  the  long  hopper,  from  the  length  of 
the  cone  (fig.  7),  is  liable  to  fouling  of  the  basin,  and  is 
difficult  to  flush,  esfHJcially  where  the  water  is  admitted 
by  a  side  inlet  which  has  the  effect  of  causing  the  water 
to  whirl  round  and  round,  whereby  the  trap  is  not  flushed 
out  and  excreta  are  left  behind.  The  short  hopper  or  wash- 
down  (fig.  8)  is  constructed  with  a  shorter  cone  of  china 
or  stoneware ;  the  back  of  the  cone  should  be  made 
nearly  vertical,  so  that  the  excrement  drops  into  the 
water  of  the  trap,  and  not  upon  the  sides  of  the  basin. 
The  short  hopjjer,  especially  when  constructed  with  a 
"flushing  rim,"  by  which  the  sides  of  the  basin  are  well 
washed,    is   found,    under   proper    management,    to   be 

•  easily  kept  clean.  The  closet  should  he  flushed  from  a 
waste-preventing  cistern  holding  not  less  than  2  gallons 
of  water,  and  placed  not  less  than  4  feet  above  the  seat, 
the  service  or  supply  pipe  being  ij  or  lA  inches  in 
diameter.  It  is  a  form  of  closet  which  is  now  largely  in 
use,  for  it  is  simple  in  construction,  inexpensive,  has  no 
confined  air   space  where   foul   air   could    accumulate, 
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and  conveys  slop  waters  away  at  once,  no  overflow  pipe 

.being  necessary. 

I  For  the  out-door  water-closets  of  the  houses  of  tlie 
working  classes  the  short  hopper  closet,  made  in  stout 
glazed  stoneware,  is  far  the  hest.  The  floor  of  the 
closet  should  not   be  of  wood,  but  of  cement  concrete 


clo»t  with  Siiicink't  for 
Kliubing. 


Flo.  8.— WBJih-<1o»-n  Wnt«r-clu«ft. 


Fio.  9.— Wash-oat  Water  I'lunet. 

sloped  towards  the  door  of  the  closet.  The  siphon  trap 
under  the  closet  basin  should  be  fi.ved  upon  the  cement 
floor  by  embedding  it  in  cement  so  as  to  form  a  pedestal, 
and  thus  rendering  it  and  the  basin  very  strong  and 
perfectly  secure.  There  should  be  no  vertical  wooden 
casing,  and  the  seat  should  be  hinged,  so  that  every 
corner  around  the  space  beneath  the  seat  can  be  got  at 
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for  cleansing.  The  trap  of  the  closet  shoukl  be  jointed 
at  the  back  of  the  basin  to  a  4-inch  stoneware  drain 
pipe  by  a  cemented  joint.  .\  closet  fixed  after  this 
manner  will  stand  a  great  deal  of  rough  usage  without 
getting  broken  or  out  of  order. 

The  wash-out  clout  (fig.  g)  is  constructed  of  stoneware 
or  china,  with  the  bisin  so  shaped  that  a  small  quantity 
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of  water  remains  in  it  to  receive  the  excreta,  which  are 
flushed  out  over  the  edge  of  the  basin  into  a  siphon  trap 
below.  This  form  of  closet  is  difTicult  to  flush  with  only 
2  gallons  of  water,  for  the  rush  of  the  water  from  the 
flushing  cistern  is  broken  by  the  force  necessary  to  clear 
out  the  contents  of  the  basin  ;  and  then  the  water  falls 
into  the  trap,  but  usually  without  sufficient  impetus  to 
propel  the  excreta  through  it.     The  basin,  too,  is  very 
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apt  to  become  soiled  by  solid  matters  near  the  outlet. 
The  basin — as  in  the  case  of  every  closet  basin — should 
ba  provided  with  a  flushing  rim. 

Various  "  siphonic  "  closets  are  now  made  by  English 
manufacturers,  in  wliich  the  contents  of  the  basin  are 
not  only  forced  out  by  the  watcr-tlush,  but  are  also 
sucked  out  by  means  of  a  tempnratily  induced  siplionage 
in  the  trap.  Not  all  of  these  closets  are  reliable,  as  in 
some  cases  it  has  been  found  that  foul  water  returns 
to  the  basin  after  flushing ;    also  to  prevent  the  siphon 


I'm.  11.  — Bi'.'vM'K  Valvolrss  Sipbim  (.istern, 

becoming  "air  bound"  air  escape  pipes  have  to  he 
inserted — an  undesirable  complication  of  what  should 
be  a  simple  apparatus. 

Witler-K'aste  preiientinff  cisterns  should  be  used  with  each 
of  these  three  forms  of  closet,  both  for  economy  of  water 
and  to  brcaK  the  connection  between  the  house  cistern, 
used  for  drinking  water,  and  the  water-closet  basin. 
Where  there  is  no  house  cistern,  the  water  being  sup- 
plied by  constant  service,  the  water-waste  preventer  \.=, 
especially  necessary.     Numerous  outlneaVs  o^  eY\\.e\"\c 
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fever  have  been  traced  to  the  ascent  of  foul  air  and 
liquid  filth  from  water-closet  basins  up  the  supply  pipes 
into  the  water-mains,  with  which  they  were  directly 
connected.  One  of  the  simplest  forms  of  water-waste 
preventer  merely  has  a  spindle  valve  in  the  cistern  on 
the  supply  pipe  to  the  closet,  which  can  be  raised  by 
pulling  a  chain  attached  to  a  lever,  when  the  water — 
2  or  2j  gallons — is  discharged.  When  the  lever  is 
depressed  by  the  chain,  the  ball  valve  is  raised,  and  no 
more  water  can  enter  the  waste  preventer  as  long  as  the 
chain  is  held.  The  chain  must  be  held  until  the  waste 
preventer  is  empty. 

The  best  form  (fig,  ii)  of  water- waste  preventer  is 
that  with  a  siphon  action.  A  very  short  pull  of  the 
chain  will  put  the  siphon  in  action,  when  the  whole 
contents  of  the  cistern  are  discharged.  No  more  water 
can  then  escapte  until  the  cistern  is  re-filled  and  the 
chain  again  pulled.  There  are  numerous  forms  of 
siphon  water-waste  preventer.  The  especial  advantage 
of  the  siphon  action  is  that  the  cistern  is  emptied  by  a 
very  short  pull  of  the  chain— an  important  factor  in  the 
proper  flushing  of  closets  used  by  careless  persons. 

These  cisterns  should  be  fixed  at  a  height  of  not  less 
than  4  feet  above  the  closet  basin.  If  this  "  head  "  is 
not  obtainable,  a  good  flush  can  be  secured  by  using  a 
cistern  with  a  comparatively  large  outlet  pipe,  which  is 
only  narrowed  just  before  it  Joins  the  basin. 

The  closets  already  described  are  more  especially 
useful  out  of  doors  and  in  the  basements  of  houses, 
where  they  can  be  directly  connected  with  the  drain. 
The  joint  between  the  china  or  stoneware  trap  and 
lead  sod  pipe  is  difficult  to  make  perfectly  secure. 
Therefore  it  is  better  for  these  closets,  where  they 
must  be  connected  to  a  lead  soil  pipe,  to  have  lead 
traps,  as  a  wiped  joint  can  be  easily  made  between  the 
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closet  trap  and  the  soil  pipe.  The  disadvantage  of  the 
lead  trap  is  that  it  cannot  be  enamelled  internally,  and 
enamel  paints  soon  wear  off,  giving  a  dirty  appearance 
to  the  bottom  of  the  closet.  The  joint  between  the 
china  trap  and  the  lead  soil  pipe  can  be  made  with 
murine  glite — a  mixture  of  indiaruhber,  i  part,  and 
powdered  shellac,  20  parts,  dissolved  in  12  parts  of 
benzole.  This  makes  a  tough  and  adhesive  yet  elastic 
joint.  In  most  cases  a  good  joint  is  made  by  wiping  a 
brass  collar  on  to  the  soil  pipe,  when  the  joint  between 
the  china  trap  and  brass  collar  is  made  with  cement,  a 
little  asbestos  being  employed  to  prevent  the  cement 
finding  its  way  into  the  interior  of  the  pipe;  or,  again, 
the  lead  may  be  drawn  out  and  bolted  upon  a  flange 
upon  the  china  trap  by  means  of  a  cast  iron  collar,  the 
joint  being  made  with  red  lead.  More  recently  a  very 
good  joint  has  been  made  by  coating  the  end  of  the 
china  trap  with  a  very  thin  layer  of  metallic  platinum, 
which  adheres  strongly  to  the  china.  The  lead  pipe 
is  then  soldered  to  the  platinum  covered  china  in 
the  ordinary  way,  the  solder  "  tinning "  well  on  the 
platinum. 

Under  the  head  of  closets  with  a  movable  apparatus 
for  retaining  water  in  the  basin,  we  have  the  pan,  the 
valve,  and  the  plug  closets. 

The  pan  closet  (fig.  12)  has  been  more  largely  in  use 
than  any  other  form  in  the  better  class  of  houses;  and 
it  is  undoubtedly  a  very  badly  contrived  closet,  and  one 
which  is  most  productive  of  nuisance. 

The  pan  closet  consists  of  a  china  basin,  shaped  like 
an  inverted  cone,  with  its  outlet  guarded  by  a  movable 
metal  pan,  which  retains  water  in  the  basin  ;  and  for 
this  purpose  the  pan  must  be  of  considerable  size.  On 
raising  the  handle  of  the  closet,  the  pan  is  swung  back 
into  a  large  rounded   cast   iron    receplac\e  caWtd  \\\& 
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"container,"  into  which  tlic  excreta  and  water  fall. 
From  the  bottom  of  tlie  container  a  short  pipe  leads 
to  a  trap — usually  a  l)  trap — designed  to  pruvent  the 
passage  of  fuul  air  from  the  soil  pipe  into  the  closet. 
The  interior  of  the  container  becomes  much  splashed 
and  soiled  by  tin-  excreta  ;  and  the  deposit  thus  formed 
putrefies,  giving  rise  to  foul  gases  which  escape  into  the 
air  of  the  closet  apartment  as  soon  as  the  pan  is  swung 
back. 

The  D  trap — so  called  from  its  resemblance  to  the 
letter  placed  sideways  (O — is  made  of  lead,  and  (juickiy 
becomes  coated  with  a  deposit  of  foul  matter  in  those 
parts  which  are  not  flushed  by  the  water  passing 
through  it.  This  deposit,  like  that  in  the  container, 
gives  rise  to  the  formation  of  foul  gases.  The  walls 
of  old  D  traps  and  containers,  and  the  soil  pipes  with 
which  they  are  connected,  are  not  uncommonly  found 
perforated  in  places,  owing  to  tlic  chemical  action  o(  the 
fluids  and  gases.  Pan  closets  and  D  traps,  wherever 
fountl,  should  be  replaced  by  one  of  those  forms  of  closet 
wfiich  are  capable  of  being  flushed  in  such  a  manner 
that  no  deposit  of  filth  can  take  place  in  any  part  of  the 
apparatus. 

The  valve  chisel  (fig,  13),  which  is  now  largely  in  use, 
consists' of  a  semi-spherical  basin  of  china  or  stoneware, 
with  a  circular  outlet  at  its  lowest  part,  3  inches  in 
diameter.  This  outlet  is  closed  by  a  circular  water-tight 
valve,  hinged  at  one  side  where  it  is  connected  with  the 
handle  of  the  closet.  On  raising  the  handle,  the  free 
edge  of  the  valve  is  depressed  into  a  metal  vaive  box, 
just  large  enough  to  allow  the  valve  to  assume  a  per- 
pendicular position.  The  valve  box  is  connected  at  its 
lower  part  with  a  trap — preferably  a  siphon  trap,  or  an 
anti-D  trap  fornied  of  4-inch  lead  pipe — and  the  owUeV. 
of  this  trap  is  connected  with  the  soil  pipe.     T\\e  NaX^a 


no 


HYGIENE    AND    PUBLIC    HEALTH. 


closet  should  be  flushed  from  a  small  cistern  holding  6 
or  8  gallons  of  water,  and  not  from  a  water  waste  pre- 
venter, as  it  is  necessary  to  provide  a  considerable 
"  after-flush  " — that  is  to  say,  to  allow  a  supply  of  water 
to  enter  the  basin  after  the  handle  is  released  and  the 
valve  closed. 

To  secure  an  after-flush,  some  form  of  "  regulator  " 
valve  in  the  supply  pipe  from  the  cistern  to  the  closet 
basin  must  be  used.  The  "  bellows  regulator,"  which 
is  commonly  used,  consists  of  a  piston  working  in   a 


I 


flii.  13.— Rnt  Vittvr  L'lumt. 


cylinder,  an<l  connected  with  the  handle  of  the  closet 
and  with  the  valve  in  the  supply  pipe.  The  cylinder  is 
provided  with  an  escajje  pipe  for  air,  on  which  is  a  tap 
to  regulate  the  speed  with  which  the  piston  falls,  When 
the  handle  is  raised,  the  valve  in  the  supply  pipe  is 
opened,  and  the  piston  also  is  raised  ;  but  on  letting  go 
the  handle — the  valve  to  the  closet  basin  being  then 
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closed — the  valve  on  the  supply  pipe  is  kept  open, 
admitting  water  to  the  basin,  until  the  piston  has  com- 
pletely fallen  and  thereby  closed  it.  The  amount  of 
after-flush,  which  is  directly  proportional  to  the  slow- 
ness with  which  the  piston  sinks  in  the  cylinder,  can  be 
regulated  to  a  great  nicety  by  the  tap  on  the  air-escape 
pipe. 

As  the  outlet  to  the  closet  basin  is  guarded  by  a 
water-tight  valve,  the  basin  is  liable  to  overflow  from 
too  much  after-flush,  or  from  the  throwing  in  of  slops. 
It  is  necessary,  therefore,  to  provide  an  overflow  pip>e 
to  the  basin  ;  this  is  usually  carried  from  near  the  top 
of  the  basin  into  the  valve  box  below,  after  forming  an 
CO  bend,  which  by  holding  water  prevents  the  ascent  of 
foul  air  from  the  valve  box.  But  it  is  found  in  practice 
that  foul  matters  may  find  their  way  into  or  accumulate 
in  the  overflow  pipe,  and  that  the  water  in  the  bend  is 
liable  to  be  drawn  out  by  siphonage,  when  the  contents 
of  the  basin  are  discharged  through  the  valve  box. 

Two  precautions  are  adopted  to  obviate  this  difficulty. 
The  first  is  to  carry  the  overflow  pipe  into  that  side  of 
the  valve  box  where  its  open  end  will  be  protected  by 
the  depressed  valve  ;  and  the  second  which  is  most 
necessary,  is  to  recharge  the  water  in  the  overflow 
at  each  use  of  the  closet.  The  basin  of  the  closet 
should  be  provided  with  a  flushing  rim.  Occasion- 
ally a  ventilating  or  "pufl"  pipe  is  attached  to  the 
valve  box,  and  carried  up  and  out  into  the  open  air, 
being  left  with  an  open  end  away  from  any  win- 
dows. When  the  contents  of  the  basin  are  being 
discharged,  the  foul  air  in  the  valve  box  then  escapes 
into  the  open  air,  instead  of  into  the  closet  compart- 
ment. 

There  is  very  little  risk  of  the  deposition  of  fikh  va 
any  part  of  the  apparatus,  as  the  large  vo\iime  ol  >Na.\.« 
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which  the  basin  can  contain  effectually  Ihislies  the 
small  valve  box  and  trap  beneath.  Occasionally  the 
valve  box  is  enamelled  insiiJe  to  prevent  corrosion. 
The  chief  disadvantage  of  the  closet  is  that  the  valve 
may  become  in  time  leaky,  allowing  the  water  in  the 
basin  to  escape,  and  possibly  foul  air  to  ascend  into  the 
general  air  of  the  closet. 

In  the  anti-D  trap  the  calibre  of  llie  pipe  is  diminished 
in  the  bent  p(jrtion  which  liolds  the  trapping  water,  ami 
the  bend  of  the  pipe  beyond  the  trap  instead  of  being 
circular,  is  squared.  These  properties  cause  some  re- 
sistance to  the  passage  of  water  tlirongh  the  trap,  ami 
tend  to  prevent  both  siplinnagf  by  uhtion—i.e,,  the  draw- 
ing of  the  water  in  the  trap  by  the  passage  of  water 
down  the  soil  pipe  from  a  higher  level  —  and  siplio»n<;e  by 
momtnliim,  which  may  occur  in  plain  siphon  traps  by 
the  water  clischarged  from  tlu-  water-closet  sweeping 
tluough  the  trap,  none  remaining  betiiiid  to  form  the 
water  s«.'al.  The  depth  of  the  water-seal  in  water-closet 
traps  should  not  l)e  less  than  I  inch,  and  not  greater 
than  1 3  inches.  If  the  depth  of  the  water-seal  is 
too  small,  there  is  a  liability  for  the  trap  to  be 
unsealed  ;  if  the  seal  is  too  great,  the  trap  and  the 
closet  al>ove  it  arc  not  self-cleansing  with  an  ordinary 
Hush  of  water.  These  remaiks  apply  more  especially 
to  "wash-down"  closets  (short  hoppers)  with  water- 
waste  preventers. 

In  the  plug rtoset  the  basin  and  trap  are  usually  cast  in 
one  piece  of  china  or  stoneware,  the  l)asin  above  being 
shut  off  from  the  trap  (siphon)  below  by  a  solid  plug  or 
plunger,  by  which  water  is  retained  in  the  basin.  The 
cistern  and  flushing  arrangements  may  be  the  same  as 
chose  for  the  valve  closet,  an  afler-lJush  being  necessary 
for  both  alike.  The  plug,  which  is  connected  directly 
with  the  handle,  is  usually  perforated  by  a  channel  ben: 


I 


DISPOSAL   OF    KEFUSE. 

on  itself  so  .as  to  form  a  trap,  and  thus  provides  an  over- 
flow to  tfie  basin,  peniiittinf,'  water  to  pass  through  the 
plug  to  the  trap  beneath.  Sometimes  these  closets  are 
used  without  the  trap  beneath,  but  in  both  plug  and 
valve  closets  a  siphon  trap  is  necessary  to  prevent  the 
passage  of  foul  air  from  the  soil  pipe  when  the  closet  is 
discharging  its  contents.  The  plug  or  plunger  is  liable 
to  become  much  soiled,  and,  being  out  of  sight,  escapes 
cleaning.  When  this  is  so,  it  may  happen  that  excretal 
filth  is  forced  up  on  the  handle  when  the  plug  is  sud- 
denly plunf;ed.  This  constitutes  a  great  disadvantage 
in  use.  The  valve  and  plug  closets  are  under  tin:  dis- 
advantage of  having  a  space  between  the  water  in  the 
basin  and  the  water  in  the  trap,  from  which  air — possi- 
bly foul — escapes  into  the  general  air  of  the  closet  when 
the  contents  of  the  basin  are  being  discharged.  But 
they  have  this  advantage  over  those  of  the  first  class, 
that  the  larger  quantity  of  water  in  the  basin  renders 
them  more  cleanly  in  use. 

On  the  floor  beneath  the  closet  basin  is  usually  placed 
a  lead  or  zinc  safc-tray,  to  catch  any  overflow.  This  tray 
should  be  provided  with  a  waste  pipe,  which  must  be 
carried  through  the  wall  into  the  outer  air,  its  end  being 
covered  by  a  brass  flapper  to  prevent  cold  currents 
of  air  passing  into  tlie  house.  It  was  formerly  the 
custom  to  connect  this  waste  pipe  with  the  D  trap 
(see  fig.  12)  under  the  closet  basin,  thereby  permitting 
foul  air  to  enter  the  house  at  all  times. 

Water-closets  should  be  placed  against  tlie  outside 
wall  of  a  building,  in  which  is  a  window  reaching  to  the 
ceiling.  Where  possilile  they  should  be  septarated  from 
the  house  by  a  well-venlilatctl  lobby;  for  it  is  important 
that  air  from  the  closet  should  find  an  easy  exit  to  the 
outer  air,  and  not  pass  into  the  house,  as  so  often 
happens  when   water  clQ^ets  ar<;   placed  m  da^tV,  w-u- 
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ventilated  corners.  The  division  wall  between  the 
water-closet  and  a  dwelling-room  should  always  be  of 
brick,  and  not  a  porous  lath  and  plaster  structure. 

The  trough  closet  is  espyecially  useful  in  large  establish- 
ments, as  hospitals,  schools,  workhouses,  and  asylums, 
and  in  the  courts  and  alleys  of  towns.  One  apparatus 
serves  for  the  use  of  several  people  at  the  same  tin)e, 
and  the  flushing  can  be  rendered  automatic.  The  old 
form  of  closet  (fig.  I4>  consists  of  an  open  trough, 
usually  of  stoneware,  with  rounded  bottom,  of  varying 
length  according  to  the  number  of  compartments  desired. 


Km.  !«.— Troanh  WftUf-rloset. 
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The  trough  has  a  slight  incline  towards  the  drain ; 
and  by  means  of  a  weir  at  its  lower  end  it  is  able  to 
retain  sufficient  wafer  to  cover  the  bottom  for  its  whole 
length.  It  terminates  in  a  siphon  trap  protected  by  a 
grid,  to  keep  back  articles  improperly  thrown  in,  before 
joining  the  drain.  Each  .seat  over  the  trough  should  be 
in  a  separate  wooden  compartment.  The  closet  may 
be  flushed  by  means  of  a  Field's  annular  siphon  flush 
tank  (sec  6gs.  6,  13)  of  capacity  proportional  to  the 
length  of  the  trough  to  be  flushed. 

The  more  modern  and  approved  type  of  trough  w.c. 


DISPOSAL   OF   REFUSE. 


"5 


ft 


is 
I 


»»>7  ■•■"Al 


\^ 


HYGIENE    AND    PUBLIC    HEALTH 


^ 


or  latrine,  is  a  great  improvement  upon  the  old  form. 
In  this  the  trough  is  retained,  but  each  closet  is  cut  off 
from  its  neighbours  by  a  separate  basin,  the  outlet  from 
which  dips  into  the  water  in  the  trough.  The  trough, 
moreover,  is  kept  filled  with  water,  which  also  rises  up 
for  a  few  inches  into  each  w.c.  basin  ;  this  is  effected  by 
doing  away  with  the  weir  and  substituting  a  high  siphon 
trap  at  the  outlet  to  the  trough.  Each  separate  basin 
is  flushed  through  its  Hushing  rim  every  time  the  auto- 
matic flush  tank  discharges  (see  fig.  15). 

Trough  closets  might  with  advantage  be  more  exten- 
sively used  than  they  are  in  the  poor  districts  of  large 
towns,  to  replace  the  wretched  "  long  hopper  "  basins, 
which  are  nearly  always  in  a  filthy  condition  and  insuf- 
ficiently flushed.  The  trough  closet  is  well  adapted  to 
the  wants  of  a  very  poor  propulation  living  in  courts 
and  alleys,  and  using  closets  in  common;  the  flushing  is 
automatic,  and  if  the  tank  is  placed  in  a  separate  locked 
compartment,  accessible  only  to  the  sanitary  inspector, 
it  is  out  of  reach  of  mischievous  interference.  There 
is  nothing  in  the  structure  of  the  trough  that  can  be 
detached  and  misappropriated  ;  and  the  closets  of  a 
whole  court,  consisting  of  a  large  number  of  families, 
can  be  supervised  with  great  readiness  by  the  sanitary 
official,  and  the  contents  disinfected  during  epidemic 
periods  before  being  discharged  into  the  sewer. 

Shp  closets,  in  which  the  excreta  are  carried  away  by 
means  of  the  house  waste  waters  and  in  which  flushing 
cisterns  with  separate  water  supply  arc  not  used,  were 
origin.illy  introduced  by  Dr.  Alfred  Hill,  M.O.H.,  Bir- 
mingham, Hn<l  .nrc  now  to  l)e  seen  in  many  working- 
class  houses  in  Midland  towns. 

The  annexed  figure  (fig.  16)  shows  a  section  through 
I>ay's  waste-water  closet.  In  this  pattern  the  excreta 
fall  into  a  stoneware  tipper,  which   also  receives   the 


waste  water.  This  tipper  is  so  balanced  on  its  bear- 
ings that  when  full  it  automatically  tips  over  and 
discharges  its  contents  (fffice.s,  urine,  paper,  and  waste 
water)  into  the  siphon  trap  below  which  leads  to  the 
drain.  The  entrance  to  the  siphon  trap  is  considerably 
narrowed  transversely,  so  as  to  prevent  bulky  articles 
improperly  introduced   finding   their  way  into  and  ob- 
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structing  the  drain.  The  upper  part  of  the  closet  is  so 
constructed  as  to  prevent,  as  far  as  possible,  fouling  of 
the  sides  above  the  tipping  basin  ;  and  this  upper  part 
can  be  taken  down  easily  and  removed  for  cleaning. 

In  another  pattern  of  slop  or  waste-water  closet  the 
tipper  is  not  placed  under  tlie  seat,  but  in  some  position 
between  the  closet  and  the  sink  into  which  the  Kowsfc 
waste  wafer  empties  itself.      The  d\sc\ABix^e  o\  "«A\.ex 
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from  the  tipper  flushes  the  drain  in  whicli  ihe  excreta 
re  deposited  direct  from  the  closet. 

The  advantages  of  this  system  of  slop  closets  are  that 
clean  water  is  not  required  for  flushing,  a  head  of  water 
is  not  required,  there  is  no  delicate  apparatus  to  be 
damaged  and  get  out  of  order  by  rough  usage,  and  both 
the  primary  cost  and  the  outlay  in  keeping  in  repair  are 
small.     On  the  other  hand,  the  economy  of  clean  water 

d  the  absence  of  dilution  cause  the  sewage  passing 
from  districts  supplied  with  these  forms  of  closets  to  be 
very  strong  and  foul ;  and  the  difficulty  of  satisfactory 
treatment  at  the  outfall  of  sewage  of  such  potency  is 
much  enhanced.  Economy  of  water  is  purchased  at 
the  expense  of  difficulties  in  the  purification  of  the 
Aewagc,  Moreover,  they  are  liable  to  got  foul  and  to 
block  up,  for  in  the  poorer  class  houses  with  no  bath- 
rooms the  slop-waters  may  not  he  adequate  lo  provide 
sufficient  flushing.  It  shouKI  be  stated  that  such  slop 
closets  should  only  be  fitted  up  outsiilc  of  dwelling 
houses. 

The  following  rules  are  now  usually  followed  in  the 
erection  of  a  new  closet  compartment: — One  of  its  sides, 
at  least,  must  be  an  external  wall ;  it  must  not  be 
approached  directly  from  any  living-room,  factory,  or 
workshop,  or  compartment  in  which  food  is  stored ; 
there  must  be  a  window  with  an  area  of  at  least  two 
square  feet,  the  whole  or  part  of  which  must  open 
directly  to  the  outside  air,  and  in  addition  there  must 
be  means  (as  by  an  air-brick,  &c)  of  constant  ventila- 
tion. 

Urinals  should  be  made  of  non-corrosive  materials, 
such  as  china,  slate,  and  stoneware;  all  metal  apparatus 
is  liable  to  corrosion,  and  should  not  be  used.  The 
floor  should  l>e  cemented,  and  should  slope  towards  a 
channel  which  discharges  into  a  s\pV^ow  Uav  cQYvxvtcVfei^ 
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with  drain  or  soil  pipe.  Urinal  basins  may  he  made  of 
china  or  stoneware,  constructed  so  as  to  retain  water, 
and  their  waste  pipes  sJioiild  disch-ir^e  over  tiie  <li;iiinel 
in  the  floor.  The  best  kind  of  flush  is  tliat  ftoiii  siphon- 
action  flush  tanks  whicli  discharge  automatically  at 
regular  intervals.  \Vrif,'ht's  self-flushing  urinal  is  an 
ingenious  invention  which,  by  means  of  an  arrangement 
of  siphons  in  connection  with  the  cistern,  secures  a  flush 
to  the  urinal  basin  each  time  it  is  used. 

Slop  sinks  should  be  used  only  where  it  is  objection- 
able to  discharge  slops  from  bedrooms  or  hospital  wards 
through  the  water-closets.  They  are  usually  capacious 
short  hopper  china  basins  with  a  siphon  trap  below, 
protected  by  a  grid  to  keep  back  the  larger  foreign 
bodies  which  might  obstruct  the  pipes.  The  trap  should 
be  connected  with  the  soil  pipe  like  a  water-closet. 
They  should  be  provided  with  a  flushing  rim,  and 
flushed  from  a  water- waste  preventer. 

Soil  pipes  are  used  to  receive  the  contents  of  water- 
closets,  urinals,  and  slop  sinks  only.  They  should  be 
circular  in  section,  and  3^  or  4  inches  in  diameter,  these 
being  the  most  convenient  sizes  for  ordinary  use.  They 
should  be  of  drawn,  milled,  or  rolled  lead,  8  pounds  to 
the  square  foot,  or  g  pounds  to  the  stjuare  foot  for  very 
high  buildings,  without  any  longitudinal  seam,  and 
should  be  fixed  outside  the  house,  with  wiped  (soldered) 
joints  between  the  different  lengths  of  pipe,  each  pipe 
being  10  feet  in  length.  Lead  T  pieces  are  used  to 
receive  the  branches  from  the  water-closets. 

Soil  pipes  outside  the  house  are  often  made  of  light 
cast  iron  or  galvanized  iron.  They  are  inferior  to  lead 
pipes,  as  the  internal  surface  of  iron  pipes  is  much 
rougher  than  that  of  lead,  and  the  joints  as  usually 
made  with  red  lead  putty  are  insecure.  In  America 
heavy  cast  iron  soil  pipes  are  instsled  ovi  Vi"^  ^o'acv^  cN. 
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Health  regulations,  especial  precautions  being  laid 
down  for  the  construction  of  the  joints  l>ctwccn  the 
different  lengths.  To  prevent  oxidation  and  the  forma- 
tion of  nist,  iron  soil  pipes  should  l)c  coaled  inside  and 
outside  with  the  magnetic  oxide  of  iron  (IJjrffs  process), 
with  hot  coal-tar  pitch,  or  with  Angus  Smith's  solution. 
All  cast  iron  pipes  must  be  free  from  holes  or  other 
defects,  and  properly  tested,  and  of  a  uniform  thickness 
of  not  less  than  |  inch.  The  joints  between  the  different 
lengths  must  be  caulked  with  oakum  and  molten  lead, 
or  with  Spence's  metal ;  and  the  joints  between  the  iron 
pipe  and  the  lead  T  pieces  from  the  closets  should  be 
made  with  a  brass  ferrule,  caulked  in  with  lead,  the 
lead  pipe  being  attached  to  the  fcrnilc  by  a  wiped  joint. 

yuittls  of  Lead  /'//«.— In  making  a  wiped  soldered 
joint,  the  upper  end  of  the  lower  pipe  is  opened  out 
al>oiit  \  inch  with  a  turnpin.  Tlie  lower  end  of  the 
upper  or  male  pipe  is  next  rasped  so  as  to  make  it  fit 
into  the  opened  out  end  of  the  female  pipe.  The  ends 
of  the  pipes  which  are  to  be  covered  with  solder  are  next 
shaved  with  a  shave  hook,  so  as  to  take  the  duhiess  oft 
the  lead  and  allow  the  solder  to  readily  tin  upon  them. 

Above  and  below  the  soldered  line  (fig.  17)  the  pipes 
arc  then  soiled  round  with  pluml>er's  soil  (a  mixture  of 
lampblack  and  size)  to  prevent  the  solder  adhering.  It 
i&  well  also  to  soil  the  insides  of  the  pipes  to  prevent 
the  solder  adhering  here  and  causing  projections.  The 
male  end  is  next  hxe<l  into  the  female  end,  and  a  collar 
placed  round  the  bottom  of  the  joint  to  catch  the  solder 
as  it  falls  otf.  The  heated  solder  (a  mixture  of  two 
parts  of  soft  Irad  to  one  of  tm)  is  then  poured  over  the 
shaved  ends  of  the  pipes  with  a  splash  stick,  and  gradu- 
ally worked  into  the  right  shape.  A  hot  moleskin  cloth 
is  now  taken  and  wiped  round  the  joint,  so  as  to  leave 
it   ol  the  shape  shown  in  fig.  17.     As  the  pipes  become 
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heated  by  the  solder  splashed  over  them,  the  solder 
jjenetrates  between  the  ends  of  the  pipes,  and  readily 
adheres  to  all  the  shaved  bright  surfaces  exposed, 
leaving  when  cool  a  homogeneous  mass  of  metal. 
Fig.  18  shows  a  joint  made  with  a  copper  bit  or  blow- 
pipe. The  ends  of  the  pipe  are  heated  either  with  a 
copper  bit  or  blowpipe,  and  when  hot  the  solder  is 
poured  around  the  point  of  junction,  and  penetrates 
between  the  cut  ends.  A  very  gootl  joint  is  thus 
obtained  with  little  trouble,  but  inferior  in  strength 
to  the  wiped  joint  with  its  strengthening  band  of  solder. 
The  joints  between  iron  pipes  can  only  he  caulk-ed 
when  the  pipes  arc  of  suflicient  substance  and  strength 
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to  stand  it.  The  joints  of  the  light  iron  pipes  commonly 
used  are  made  with  spun  yarn  and  red  lead,  or  occa- 
sionally with  Portland  cement. 

If  lead  soil  pipes  are  used  where  nuich  liot  water  is 
discharged  through  water-closets  or  slop  sinks  connected 
with  them,  owing  to  the  e-xpansion  of  the  metal  of  the 
rigid  pipe,  twisting  and  contortion  takes  place,  and  such 
pipes  readily  wear  out,  Under  such  circumstances, 
either  iron  soil  pipes  should  he  used,  or  cast  iron  pipes 
lined  with  lead,  or  the  lead  pipes,  if  outside  the  house 
and  not  near  windows,  should  have  slip  joints,  For  this 
reason,  also,  south  and  west  aspects,  involving   much 
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exposure  to  the  sun,  should  be  avoided   for  lead 
pipes. 

Witli  the  precautions  noted  above,  and   under  skilled 
workmanship,  iron  soil   pipes    may  be    used    outside  a 
house.     Stoneware,  zinc,  or  wrought  iron  should  never 
be  used  for  soil  pip>es ;  for  stoneware  is  too  heavy,  and 
zinc  is  thin  and  liable,  like  iron,  to  erosions.    The  proper 
fixing  of  a  lead  soil  pipe  by  means  of  cars  or  tacks  to  the 
walls  of  the  house  at  intervals  of  4  feet,  to  insure  its 
being  perfectly  rigid,  is  a  point  of  importance ;    if  not^ 
securely  fixed,  there  will  be  strain  on  some  or  all  of  thef 
joints,  with  the  result  of  their  becoming  insecure.     Out- 
side soil  pipes  should  be  connected  below  with  the  house  _ 
drain  by  a  plain  stoneware  bend  below  the  ground  level,B 
a  thimble  of  rough  brass  casting  being  wiped  on  to  the 
lead  pipe   and   a    Portland   cement   joint   being    made 
between  the  brass  and   stoneware.     An  iron   soil  pipe 
should  be  connected  with  the  stoneware  drain  by  receiv- 
ing the  spigot  end  of  the  iron  soil  pipe  into  the  socket 
end  of  the  stoneware  drain,  and  making  the  joint  witt 
Portland  cement.     All  soil  pipes,  whether  inside  or  out- 
side the  house,  should  be  tarrifd  up  full  Ixtre  above  the 
entrance  of  the  branch  from  the  highest  water-closet  to 
the  top  of  the  house  (fig.  19)  above  the  ridge  of  the  roof," 
clear  of  all  windows  and  chimneys,  their  ends  being  left 
open  or  covered  merely  with  wire  gauze  to  prevent  birds 
from  building  in  them.     Where  the  soil  pipe  must  be 
inside  the  house,  it  is  sometimes  thought  desirable  that 
it  should  not  be  connected  directly  with  the  house  drain, 
but  should  discharge  into  a  siphon  disconnecting  tra( 
(soil   pipe  intercepter),   with   an    air   inlet   outside  the^ 
house — to  admit  of  a  current  of  fresh  air  passing  up  the 
soil    pipe — the   drain    in    these   cases   being   ventilated 
separately  by  means  of  a  4-inch  pipe  carried  up  above 
the  roof. 
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Where  one  soil  pipe  receives  the  discharges  of  several 
water-closets  on  diffL-rent  Hoors,  the  passage  of  the  con- 
tents of  one  of  the  upper  closets 
down  the  soil  pipe  may  cause  the 
water  in  the  trap  of  one  of  the 
lower  closets  to  be  drawn  off, 
owing  to  the  suctional  force  of 
the  downward  current  of  air 
caused  by  the  descent  of  the 
liquid  in  the  soil  pipe.  To  pre- 
vent this  siphonage  by  suction 
taking  place,  a  2-inch  lead  ven- 
tilating pipe  should  be  carried  up 
from  every  branch  pipe,  a  few 
inches  beyond  the  trap  (on  its  soil 
pipe  side),  and  these  anti-siphon- 
age   pipes   should  join    with   one 

another  on  their   way  up  outside 

the  house,  and  the  common  pipe 

may  be  carried  up  separately  or 

taken  into  the  ventilator   to   the 

soil  pipe  (fig.  19).     By  this  means 

the    water-closet    traps   will    not 

be  disturbed    by  the   passage  of 

liquid  down  the  soil   pipe,  for  air 

will  be  sucked  down  these  anti- 

siphonage    pipes   to    restore    the 

disturbed  equilibrium.   Siphonage 

is  most  likely  to  occur  in  3  J -inch 

lead  soil  pipes  where  the  branch 

pipes  from  the  water-closet  trapsto 

the  soil  pipe  are  long  and  curved. 

If    they   are    short    and  straight, 

there  is  less  likeliliood  of  siphon- 
age occurring.     A  trap  at  the  foot  of  the  so\\  V^^  "w^- 
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Intor,  witli  Hnllnipliunane 
pipes  rrou  tb«  watvr-cloaet 
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mensely  intensifies  suction  siphonage.  The  long  arras 
or  branches  from  water-closets  thus  ventilated  are  re- 
lieved of  foul  air  wliich  otherwise  accumulates  in  tliem. 

Rain  water  pipes  from  the  roof  should  not  be  used  as 
soil  pipes  and  ventilators,  for  during  heavy  rain,  when  it 
may  be  most  necessary  to  give  a  safe  exit  for  displaced 
drain  air,  they  will  be  useless  as  ventilators,  and  foul  air 
from  unventilated  drains  may  be  forced  through  water- 
closet  traps  into  the  houses. 

House  drains  are  usually  constructed  of  circular  glazed 
stoneware  socketed  pipes,  2  feet  in  length,  with  cemented 
joints  (Portland  cement).  The  pipes  are  also  connected 
by  Stanford's  patent  joints  or  Doulton's  modification 
(which  makes  the  pipes  adjustalilc  in  any  position),  in 
which  the  spigot  and  socket  ends  of  each  pipe  are  pro- 
vided with  a  mould  of  smooth  plastic  material,  causing 
them  to  fit  accurately  into  each  other  when  in  position, 
a  very  perfect  joint  being  formed  by  greasing  the  pre- 
pared ends  with  a  little  rosin  and  melted  tallow.  These 
patent  joints,  however,  are  inferior  to  cement,  as  they 
are  liable  to  erosion  and  decay,  and  are  usually  found 
not  to  be  watertight  some  years  after  laying. 

Stoneware  pipes  are  less  porous  and  more  durable 
than  earthenware  pipes ;  the  former  may  be  distin- 
guished from  the  latter  by  their  colour  (generally  pale 
buff),  tlie  ringing  note  which  they  give  out  on  being 
struck  with  a  hammer,  and  their  comparatively  slight 
increase  in  weight  after  twenty-four  hours'  immersion 
in  water. 

Portland  cement  is  a  mixture  of  chalk  and  clay  burnt 
at  a  high  temperature,  and  subsequently  ground  very 
fine.  It  is  stronger  and  capable  of  bearing  greater  ten- 
sile strains  than  other  cements  (Honian  and  Medina), 
but  does  not  set  so  rapidly. 

When   cemented    joints    are    made,    neat    Portland 
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cement  only  should  be  used,  and  care  must  be  taken  to 
remove  any  cement  projecting  from  the  interior  of  the 
joint  into  the  drain,  which  when  hardened  would  form 
an  obstruction  to  the  flow  of  sewage  through  the  drain. 
Cast  iron  pipes  coated  inside  and  outside  with  some 
preservative  material  such  as  the  magnetic  oxide  of 
iron  (Barff  process)  or  Angus  Smiths  solution,  to  pre- 
vent oxidation,  are  used  when  the  drain  is  required  to 
be  of  extra  strength,  as  when  laid  under  roads  or  paths 
on  which  there  is  heavy  trafhc,  and  in  soft,  swampy 
ground.  The  joints  of  an  iron  drain  must  be  caulked 
with  lead  and  gasket.  The  iron  pipe  has  a  great  ad- 
vantage over  stoneware  as  it  is  made  in  y-fect  and 
i2-feet  lengths,  and  consequently  fewer  joints  are 
required. 

When  it  is  necessary  to  connect  a  lead  to  a  heavy  iron 
pipe,  a  strong  brass  ferrule  or  thinihic  should  he  jointed 
to  the  lead  pipe  by  means  of  a  wiped  soldered  joint ;  tlie 
brass  ferrule  is  then  received  into  he  socket  of  the  iron 
pipe  and  the  joint  made  with  hemp  and  molten  lead. 

For  small  and  medium-sized  houses  a  drain  4  inches 
in  diameter  is  the  proper  size ;  for  large  houses  a  6-incli 
drain  may  be  used,  and  for  institutions  or  establish- 
ments consisting  of  several  buildings  a  9-inch  drain 
may  rarely  be  required.  The  smaller  the  drain,  the 
better  the  flushing  and  removal  of  deposit;  but  the 
drain  must  in  all  cases  be  large  enough  to  guard 
against  blockage  and  to  carry  off  at  all  times  all  the 
rainfall  over  the  area  drained,  as  well  as  the  maximum 
flow  of  sewage  proper  of  the  house.  A  volume  of  water 
sufficient  to  make  a  4-incli  pipe  run  full  causes  a  G-inch 
pipe  to  run  less  than  half  full,  and  a  y-inch  pipe  only 
about  a  quarter  full,  when  all  three  arc  laid  at  the  same 
inclination,  since  the  sectional  areas  of  the  three  pipes 
are  in  the  ratio  of  about  i,  2,  and  5. 
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The  pipes  must  be  laid  (with  the  socket  end  pointing] 
upwards   towards   the  head  or  commencement  of   the 
drain)  on  a  perfectly  smooth  incline  of  hard  ground,  or 
where  passing  under   the  basement  of  a  house,  on  %fl 
bed  of  cement  concrete,  and  in  this  case  it  is  often  the 
practice  to  cover  and  embed  them  as  well  with  cement 
concrete.   Concrete  should  be  made  of  clean  sharp  sand,  ■ 
I  part ;  clean  ballast,  5  parts ;   Portland  cement,  i  part. 
Each  pipe  should  rest    upon  the  concrete  for  its  whole 
length,  so  that  the  drain  may  be  truly  laid,  the  lumen  of  fl 
each  pipe  being  concentric  with  the  next.    The  concrete 
should  be  hollowed  out  where  the   collar  of  the  pipe 
rests,  and  the  cement  must  be  introduced  all  round  thei 
joint,  below  as  well  as  above ;  and   the  joint  should  bej 
finished  with  the  trowel.     It  is  sometimes  the  practical 
to  introduce  a  strand  of  spun  yarn  into  the  interior  of! 
the  joint  to  prevent  the  cement  passing  into  the  drain, ' 
and  to  insure  the  thickness  of  cement  being  the  same 
all  round.     It  is  often  the  custom  now  to  lay  the  drain 
on  bricks  at   the  bottom  of  the  trench,  and  when  the 
joints  have  been  made  with  cement,  to  fill  in  with  con- 
crete beneath  the  pipes.     If  this  is  done,  a  brick  should 
be  used  to  suppwrt  each  end  of  every  pipe,  so  that  the  ^ 
drain  may  be  truly  laid.  H 

The  gradient  of  a  4-inch  drain  should,  if  possible,  be 
not  less  than  i  in  40,  of  a  6-inch  drain   i   in  60,  and  of 
a  9-inch  drain  i  in  90 ;    this  will  give  in  each  case  afl 
velocity  of  flow  of  between  3  and  4  feet  per  second. 
The  drain  should  not,  wherever  it  can  be  avoided,  be_ 
carried  under  the  basement  of  a  house.     Where,  hoW'^ 
ever,  this  is  unavoidable,  the  special  precautions  noticed' 
above  must  be  taken,  and  at  the  point  where  the  drain 
leaves  the  premises  the  wall  should  be  supported  by 
relieving  arch  to  prevent  settlement  and  fracture  of  the 
pipcfc 
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Drains  should  be  laid  as  far  as  possible  in  straight 
lines.  If  a  bend  is  necessary,  it  should  be  effected  by 
means  of  a  pipe  curved  to  the  proper  degree,  and  the 
radius  of  any  curve  should  not  be  less  than  ten  times 
the  cross-sectional  diameter  of  the  drain  or  sewer.  A 
branch  drain  should  be  made  to  join  the  main  drain  by 
means  of  a  V  junction  pipe,  so  that  the  branch  current 
may  be  flowing  nearly  in  the  direction  of  the  main  cur- 
rent, thus  causing  no  obstruction  at  the  point  of  union. 
In  large  houses  it  is  very  often  impossible  to  carry  the 
drain  in  a  straight  line  for  its  whole  length.  It  is 
advisable  in  these  cases,  at  every  change  of  direction, 
to  provide  means  of  inspection  by  manhole  chambers, 
the  drain  being  continued  through  the  floor  of  the 
chamber  by  a  suitably  curved  channel  pipe,  i.e.,  a  pipe 
divided  longitudinally  in  half.  Into  these  inspection 
chambers  the  branch  drains  also  should  be  made 
to  discharge  by  means  of  short  curved  channel  pipes 
emptying  over  the  main  channel.  Winser's  curved 
cJiannel  pipes,  from  which  about  a  quarter  section  only 
of  the  circumference  has  been  removed,  should  be  used 
when  connected  with  a  high  soil  pipe,  so  as  to  avoid 
splashing  of  solid  faecal  matters  over  the  floor  of  the 
chamber ;  and  where  the  drains  are  joined  in  a  man- 
hole, the  invert  of  the  smaller  drain  should  be  higher 
than  that  of  the  main  by  so  much  as  the  difference 
between  the  diameters  of  the  two,  so  as  to  prevent  the 
liquid  flowing  in  the  large  or  main  drain  from  backing 
up  into  the  smaller.  By  this  system  of  manhole  or  in- 
spection chambers,  the  drain — which  runs  in  a  straight 
line  from  manhole  to  manhole — can  be  inspected,  and 
cleared  by  rods  of  deposit  or  obstructions,  without 
breaking  into  it.  Where  it  is  necessary  to  connect  a 
small  pipe  with  a  larger  pipe,  the  junction  should  always 
be  elTected  by  means  of  a  taper  or  diminishing  pipe. 
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The  disconntcUott  of  the  house  drain  from  tlie  public 
sewer  is  generally  provided  for,  although  it  is  not  now 
generally  held  that  sewer  air  is  more  specially  harmful 
than  drain  air,  the  belief  in  the  specifically  infectious 
qualities  of  sewer  air  having  been  for  the  most  part 
abandoned.  Siphon  disconnecting  traps,  however,  pre- 
vent the  passage  of  sewer  rats  up  the  house  drains;  and 
unless  such  traps  are  fixed,  it  would  be  impossible  to 
provide  for  the  ventilation  of  house  drains  by  fresh  air 
inlets  as  now  practised.  Disconnection  is  effected  by 
interposing  a  siplion  trap  butween  tlie  house  drain  and 
the  sewer,  and  on  the  house  side  of  the  trap  a  means  of 
inlet  for  fresh  air  into  the  house  drain  is  provided.  The 
point  usualty  chosen  for  disconnection  is  imniudiately 
before  the  house  drain  leaves  tlie  premises  in  its  course 
to  the  street  sewer.  If  the  house  drain  is  provided  with 
a  ventilating  pipe  at  the  fiirtfier  end,  air,  admitted  on 
the  house  side  of  the  disconnection  trap,  will  generally 
travel  as  a  current  from  the  lower  opening  to  the  higher, 
and  a  circulation  will  thus  be  established  in  tlic  drain 
and  soil  pipe,  preventing  any  accuiuuialion  of  foul  air. 

The  simplest  form  of  disconnecting  apparatus  consists 
of  a  siphon  trap  with  fresh  air  inlet  formed  of  stoneware 
pi[>es  on  the  house  side  of  the  water  seal.  There  are 
several  varieties  of  this  sort  of  trap  sold,  under  the 
names  of  "  sewer  air  intercepter,"  "  sewer  air  trap,"  &c. 
The  points  to  be  observed  in  choosing  a  trap  of  this 
description  are  : — (i)  Where  the  drain  is  a  6-inch  or  a 
9-inch  pipe,  the  siphon  should  be  a  size  smaller  than 
the  drain  ;  (2)  there  should  be  a  fall  of  2  inches  or  more 
from  the  level  of  the  discharging  end  of  the  house  drain 
to  the  surface  of  the  trapping  water ;  (3)  the  siphon 
should  provide  an  adequate  seal  of  2  or  3  inches  of 
water ;  (4)  the  inlet  to  the  siphon  should  be  nearly  ver- 
tical, whilst  the  outlet  rises  at  an  angle  of  not  more  than 
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45°.  These  qualities  except  (3),  are  necessary  to  insure 
efficient  flushing  of  the  trap;  and,  to  further  attain  this 
end,  the  drain  should  he  laid  with  a  slightly  greater  fall 
before  its  junction  with  the  trap.  The  fresh  air  inlet 
to  the  siphon  is  continued  up  by  a  vertical  pipe  to  a 
little  above  the  surface  of  the  ground,  and  there  covered 
by  an  open  iron  grating. 


Fio.  SS).— S«>ctl(m  of  DUcoiinKting  t'hftrnl>*r.  A ,  Junction  Uf  (♦ ") :  /•'.  Junction 
»0°(4"|;  C.Jiinction  !l(r(«">;  i^,  iuainchannrl(4");  K,  inlorccptlnglnipu"  K><)"): 
/',  inspMtion  arm  ;  O.  ilrain  to  newer  («");  W,  ilrain  (4");  /,  (reiih  air  inlet; 
A',  galvanixcil  t-emiinal  ;  />.  alr-tlKht  r'lver ;  .If,  condenHing  dome ;  S,  ^'ork 
«u>ne  ;  I),  glateil  liricka ;  P,  concrete ;  v.  cement ;  H.  plug  ;  .S,  water  joint 
nutomatlcnlly  •«ealed  by  coudennation  ;  T,  onlinar>  joint,  tallow  or  »oft  noap. 


In  larger  houses  it  is  now  usual  to  provide  a  discon- 
necting manhole  chamber  (fig.  20),  instead  of  the  simple 
trap  above  described.  The  chamber  walls  are  built  of 
brickwork  rendered  in  cement,  and  the  floor  is  made  of 
concrete.  The  drain  is  continued  through  the  nuor  of 
the  manhole  in  the  form  of  a  glazed  channel  pipe,  CtQvw 
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which  tbc  floor — made  of  cement — slopes  up  at  an  angle 
of  30°  to  the  brick  walls  of  the  nianliole.  The  branch 
drains,  in  the  form  of  suitably  curved  (i  or  ^)  channel 
pipes,  are  made  to  discharge  over  the  main  channel, 
which  itself  discharges  into  a  trap.  The  siphon  trap 
should  be  provided  with  a  "  raking  "  arm,  one  end  of 
which  opens  into  the  manhole,  the  other  end  being 
connected  with  the  drain  beyond  the  trap.  This  arm 
is  to  permit  of  obstructions  being  removed  from  the 
drain  between  the  siphon  trap  and  the  sewer ;  when 
not  in  use,  the  manhole  end  should  be  closed  with 
a  tile  or  piece  of  slate  set  in  cement.  The  manhole 
chamber  may  be  closed  above  by  an  air-tight  iron 
cover;  and  the  fresh  air  should  then  be  admitted  into 
the  chamber  by  a  6-inch  pipe,  the  manhole  end  of 
the  pipe  being  opposite  the  entrance  of  the  drain, 
whilst  the  end  open  to  the  air  is  covered  by  an  iron 
grating  and  provided  with  mica  flaps,  which  permit 
air  to  pass  in,  but  prevent  the  reflux  of  foul  air.  Where 
the  disconnecting  chamber  is  some  distance  from  the 
house,  fresh  air  may  be  admitted  by  perforations  in 
the  iron  cover.  The  chief  advantage  of  the  manhole 
chamber  is  the  readiness  with  which  the  drain  can  be 
inspected  and  cleansed. 

Wlierever  possible,  the  plan  of  drainage  should  be  so 
designed  as  to  provide  for  all  manhole  chambers  being 
situated  in  yards  or  open  areas,  and  not  actually  within 
the  walls  of  the  house.  There  is  generally  some  danger 
of  escape  of  drain  air  through  covers  which  are  not 
perfectly  air-tight.  It  is  important  also  that  the  in- 
teriors of  manholes  should  be  rendered  in  cement,  so  as 
to  lie  water-tight,  as,  if  the  disconnecting  trap  becomes 
choked,  the  chamber  may  become  filled  with  sewage. 

For  house  drains  with  insufficient  gradient,  in  which 
deposit  is  liable  to  occur,  it  is  advisable  to  provide  an 
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automatic  flush  tank  to  discbarge  into  a  gully  at  the 
head  of  the  drain  ;  by  this  means  the  dangers  arising 
from  insufficient  fall  may  be  to  a  great  extent  obviated. 
When  a  house  drain  has  been  laid,  and  before  it  is 
covered  in,  it  should  be  tested  for  leaks.  A  simple 
method  is  to  plug  the  lower  end  of  the  drain  in  the 
disconnection  chamber  and  fill  the  drain  with  water. 
Expanding  plugs  with  india-rubber  rims  are  now  made 
to  suit  various  sized  pipes.  If,  after  the  water  has  risen 
into  an  inspection  chamber  or  gully  at  the  head  of  the 
drain,  on  stopping  the  flow,  the  level  of  the  water  does 
not  remain  stationary,  but  falls,  the  drain  is  not  water- 
tight, and  the  joints  should  be  examined  for  leaks.  If 
there  is  no  disconnecting  chamber,  there  is  no  alterna- 
tive but  to  open  up  the  drain  just  before  it  leaves  the 
premises,  and  remove  a  length  of  it  in  order  that  the 
plug  may  be  inserted.  It  is  sometimes  the  practice  also 
to  pass  a  spherical  wooden  ball  i  inch  less  in  diameter 
than  the  drain  through  the  pipes,  to  ascertain  that  there 
are  no  projections  of  cement  from  the  joints ;  and  this 
should  always  be  done  at  the  time  the  drains  are  laid. 
Another  method,  which  tests  the  soil  pipes  as  well  as  the 
drains,  is  to  burn  brown  paper  or  oily  cotton-waste  in  the 
disconnecting  chamber,  the  air  inlet  being  closed  as  soon 
as  the  paper  or  waste  is  well  alight ;  or  the  drain  may  be 
filled  with  smoke  by  a  forcing  apparatus  actuated  by  an 
air-pump,  or  by  firing  smoke  rockets  into  it.  The  smoke 
apparatus  is  preferable  to  the  rocket,  since  by  its  use  it 
is  possible,  after  stopping  up  the  open  end  of  the  soil 
pipe  ventilator,  to  expose  the  drain  and  soil  pipe  to  the 
test  of  smoke  under  pressure.  Leakages  in  the  drain  or 
soil  pipes  will  then  become  evident  to  both  sight  and 
smell.  A  third  method,  which  is  especially  applicable 
for  testing  soil  pipes  and  drain  connections  which  have 
been  long  in  position,  and  where  there  is  no  disconnec- 
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tion  apparatus,  is  to  pour  down  the  highest  water-closet 
about  ^  ounce  of  oil  of  peppermint,  following  it  up  with 
several  gallons  of  hot  water.  I5y  this  means  the  smallest 
leak  will  be  discovered  by  the  sense  of  smell,  as  the  pep- 
p)ermint  is  excessively  volatile.  Drain  grenades  contain- 
ing a  composition  of  asafcetida  and  phosphorus,  which 
explodes  on  contact  with  water,  giving  rise  to  very  pun- 
gent gases,  are  in  a  siniilar  manner  used  in  drain  testing. 
The  pneumatic  test  for  drains  has  much  to  recommend 
it.  The  test  is  applied  similarly  to  the  smoke  test,  but 
instead  of  smoke,  air  is  pumped  into  the  drain  under 
pressure,  and  it  is  noted  if  the  gauge  continues  to  record 
the  same  pressure  for  some  minutes.  Soil  pipes  and 
their  branches  may  be  tested,  before  the  water-closets 
are  connected,  by  soldering  over  the  apertures  where 
the  traps  of  the  water-closets  are  to  be  connected  with 
the  soil  pipes,  and  then  filling  with  water.  This  is  a 
severe  test,  owing  to  the  great  head  of  water,  and  one 
rarely  applied ;  but  strong  lead  pipes  are  found  to  stand 
the  test  well  if  the  joints  are  properly  made,  and  if  a 
brass  thimble  is  first  soldered  on  to  the  lower  end  of  the 
soil  pipe. 

It  is  important  to  note  that  whenever  a  water  test  is 
applied  to  drains  or  soil  pipes,  air  is  liable  to  be  im- 
prisoned in  the  branch  pipes  or  drains  as  the  water 
rises ;  and  that  provision  must  be  made  for  the  escape 
of  this  air  by  passing  a  bent  pipe  through  the  gully  or 
trap  which  imprisons  the  air,  otherwise  the  water-level 
will  fall  somewhat,  as  the  air  gets  absorbed  under  the 
pressure,  and  its  place  is  gradually  occupied  by  the 
water,  altliough  the  pi{)es  may  be  quite  watertight. 

All  nastt  pipfi  from  baths,  lavatories,  sinks,  and  safe- 
trays  under  water-closets  or  baths  must  be  disconnected 
from  the  diain  or  soil  pipe  by  being  made  to  discharge 
into  lJ>e  open  air.     The  waste  pipes  from  baths,  lava- 
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torics,  and  sinks  should  be  of  a  large  diameter  (i  J  or  2 
inches)  to  insure  rapid  emptying  of  the  baths,  sinks,  &c., 
'-A-Z^r-M  and  as  short  as  possible, 
for  they  tend  to  become 
coated  internally  with  a 
deposit  of  dirt  and  soap, 
which  decomposes,  and 
may  be  productive  of 
nuisance.  To  prevent 
foul  air  from  these  pipes 
entering  the  house,  a 
cast  lead  siphon  trap 
should  be  fixed  under 
every  bath,  lavatory, 
and  sink  (fig.  21);  and 
in  the  case  of  kitchen 
sinks  this  siphon  trap 
should  be  provided  at 
its  lowest  point  with  a 
screw  cap,  capable  of 
removal,  in  order  to 
clear  the  trap  of  sedi- 
ment and  grease.  The 
waste    pipes    from    the 


■  Fio.  21.— Dlscoonectlfin  of  Rain  Wnter  wul  Wn»t«  Pipe  oTer 
Sipbon  Yivnl  Gully. 

pper  floors  are  usually  carried  through  the  external 
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and  grease  discharged  through  Ihe  kitchen  or  scullery 
sink  are  apt  to  lodge  in  the  drain  from  the  gradual 
solidification  of  the  grease  as  the  water  cools,  and  so 
form  an  obstruction.  It  is  usual  in  such  cases  to  cause 
the  waste  pipe  (2-inch  pipe,  trapped  under  the  sink)  to 
discharge  into  a  grease  gully  instead  of  into  a  yard  gully. 
This  grtxiu  gully  is  made  of  stoneware,  and  may  with 
advantage  be  connected  with  an  automatic  siphon  flush 
tank.  The  hot  water  from  the  sink  is  cooled  on  entering 
a  large  volume  of  cold  water  in  the  trap,  the  grease 
solidifies  and  rises  to  the  top,  whilst  the  sand  sinks  to 
tiie  bottom  of  the  trap.  When  the  flush  tank  dis- 
charges, the  grease  is  thoroughly  broken  up  by  the 
sudden  inrush  of  the  large  volume  of  water,  and  is 
then  carried  along  through  the  drain  without  any 
opportunity  being  given  to  it  to  deposit  on  the  sides 
or  floors  of  the  pipes.  The  grease  gully  should  be 
covered  above  by  a  grating,  and  sunk  a  little  beneath 
the  surface  of  the  adjoining  ground  to  confine  all 
splashings  to  the  trap. 

To  carry  off  the  water  used  for  washing  down  laun- 
dries, sculleries,  and  dairies,  the  floors  should  slope  to  a 
channel  leading  to  a  yard  gully  outside  the  house  ;  in 
some  cases  it  is  necessary  to  provide  a  drain,  which 
should  be  protected  by  an  Antill  or  some  form  of  iron 
lip  trap  at  the  end  inside  the  building,  whilst  the  other 
end  discharges  into  a  yard  gully  by  a  side  inlet. 

The  house  drainage  arrangements  described  above 
have  for  their  object :  ( i )  the  speediest  possible  removal 
from  the  house  to  the  public  sewer  of  excretal  and  other 
refuse  by  means  of  water ;  (2)  the  prevention  of  deposit 
of  foul  matter  in  any  part  of  the  drainage  system,  and 
of  percolation  into  the  soil  of  polluting  liquids ;  (3)  the 
establishment  of  a  current  of  air  through  every  part  of 
the  soil   drains  and  pipes,  in  order  to  disperse  any  foul 
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gases  that  may  form,  and  allow  them  to  escape  with 
safety  into  the  open  air;  (4)  the  prevention  of  any  entry 
of  gases  from  soil  pipes,  drains,  and  waste  pipes,  into 
the  house;  (5)  the  exclusion  of  the  air  of  the  common 
sewer  from  the  house  drain  and  the  house. 

Objects  (4)  and  (5)  are  to  a  great  extent  attained,  as 
we  have  seen,  by  means  of  traps  or  water  seals,  and  the 
question  arises,  "  How  far  do  such  traps  carry  out  the 
objects  for  which  they  are  designed?"    Siphon  traps  are 
the  most  cleanly  of  all  traps,  because  they  present  no 
corners  or  angles  where  deposit  can  accumulate,  and  are 
most  easily  flushed  clean.     Their  liability  to  siphonagc 
we  have  considered,  and  we  have  endeavoured  to  show 
that  it  can  be  obviated  by  a  sufficient  depth  of  siphon 
providing  an  efficient  seal  of  water,  and  by  adequate 
ventilation.     There  is,  however,  another  disadvantage 
common  to  all  water  traps,  which  is  that  the  water  will 
absorb  gases  on  one  side  of  the  trap,  and  give  them  off 
on  the  other,  so  that  foul  air  from  the  drain  or  sewer 
may  be  given  ofl^ — only,  however,  to  an  inconsiderable 
extent — into  a  house,  notwithstanding  the  presence  of 
the  trap.     The  only  remedy  for  such  a  state  of  things  is 
the  prevention  of  foul  air  accumulations  by  adequate 
ventilation.      We  have   seen   that   this  is   possible  in 
properly  designed  house  drainage,  and  it  only  remains 
for  the  public  authorities  in  charge  of  the  public  sewers 
to  take  the  necessary  precautions  to  prevent  the  forma- 
tion of  foul  gases  in  the  sewers,  or  to  disperse  them 
when  formed.      The  proper  ventilation  of  drains  and 
soil  pipes  can  only  be  effected  where  there  is  an  inlet 
for  fresh  air  at  one  end  of  the  system,  and  an  outlet  for 
foul  air  at  the  other  end.     Where  there  is  an  outlet  but 
no  inlet,  the  pipes  must  be  always  full  of  foul  air,  though 
not  under  pressure,  for  there  can  be  then  no  renewal  of 
the  air  in  them  by  the  passage  of  fresh  air  currents. 
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Stables. 

The  proper  paving  and  drainage  of  stables  is  impor- 
tant, as  dampness  and  foul  air  are  very  injurious  to  the 
health  of  horses.  The  floors  of  stables  should  be  paved 
with  a  small  hard  brick,  such  as  that  known  as  adaman- 
tine clinker,  set  in  cement,  which  is  impervious  to  water, 
and  small  enough  to  give  a  foothold  to  the  animals.  The 
floor  should  have  a  gentle  slope  from  the  heads  of  the 
stalls  towards  a  drainage  channel  constructed  to  convey 
liquids  outside  the  stable  to  a  gulley  in  the  stable  yard. 
These  channels  should  be  covered  with  iron  gratings, 
easily  detachable  for  the  purpose  of  cleansing.  If  horse 
and  mare  pots  are  considered  preferable  to  channels, 
they  should  be  connected  to 
drains,  which  are  led  outside 
the  stable  to  discharge  into 
the  back  or  side  inlet  of  a^ 
deep  gully.  Inasmucli  as  a 
good  deal  of  straw  or  other 
material  used  for  litter  is 
apt  to  pass  away  with  the 
stable  drainage,  the  guHy 
receiving  those  liquids  should 
be  a  Dean's  silt  gully  with  re- 
movable bucket  for  collect- 
ing solid  particles  {vide  fig. 
24). 

For  storing  stable  manure,  whilst  awaiting  removal, 
the  best  receptacle  is  an  open  wire  cage,  which  allows 
the  free  play  of  air  over  the  surface  of  the  refuse,  and 
thus  prevents  heating  and  fermentation  in  the  interior. 
Sunken  dung  pits  are  generally  a  nuisance  as  they 
favour  fermentative  changes ;  they  should  be  abolished 
in  favour  of  open  wire  cages  resting  on  a  cemented 
surface  in  the  stable  yard. 


A 


Fio.  X4.— Dfiin ■»  Silt  <iiilly.    A.  C'lm 
iron  recrplncle  to  lift  in  and  out. 
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Peat  moss,  dried  and  compressed,  is  now  largely  used 
as  litter  instead  of  straw,  especialiy  in  cab  and  omnibus 
yards.  It  is  more  absorbent  than  straw,  and  conse- 
quently keeps  the  stables,  where  it  is  in  use,  very  dry. 
If  used  too  long,  it  becomes  highly  impregnated  with 
urine,  and  gives  off  most  offensive  effluvia.  In  cab  and 
omnibus  yards  the  peat  moss  manure  is  generally  very 
rank  and  stale  before  it  is  removed  from  the  stable,  and 
when  stacked  in  heaps  and  subsequently  thrown  up  into 
carls,  the  nuisance  is  very  great.  It  is  in  these  cases 
especially  that  vans  should  be  used  to  receive  the 
manure  directly  as  it  issues  from  the  stalls  of  the 
stables,  so  that  when  the  van  is  filled  it  can  be  drawn 
away  without  further  disturbance. 

Defective  Sanitary  Arrangements  in  Houses. 

In  examining  houses,  all  sorts  of  appliances  and 
arrangements  will  be  found,  departing  more  or  less 
from  the  sound  principles  we  have  laid  down,  and  we 
will  now  briefly  describe  a  few  of  the  sanitary  defects 
more  commonly  found  in  houses. 

Drains,  rectangular,  barrel,  or  oval  in  shape,  con- 
structed of  bricks  set  in  mortar  without  any  cement, 
and  of  large  size  (18  inches  or  more  in  diameter),  are 
not  unusually  found  running  under  the  basements  of 
houses,  and  are  sometimes  connected  with  cesspools  in 
these  positions.  These  brick  drains,  although  originally 
intended  only  to  carry  off  surface  and  house  waters,  will 
be  found  to  receive  the  water-closet  discharges  as  well. 
They  invariably  leak,  for  the  mortar  becomes  loosened 
from  the  bricks,  and  water  finds  its  way  out  through 
these  open  spaces ;  in  some  cases  all  the  liquid  leaks 
out  of  the  drain  to  saturate  the  surrounding  soil,  whilst 
the  solids  accumulate  in  the  drain  until  it  is  completely 
blocked.      As  the  brick  drain   communicates  directly 
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with  the  sewer,  rats  find  their  way  into 

it,  and,  pushing         H 

through  the  loosened  bricks,  form  runs  under  the  house,          | 

and  sometimes  into  the  larder, 

■ 

whicli  become  passages  for  foul 

r 

t 

air.      To  ascertain  if  a  brick 

drain  exists  under  a  house,  the 
ground  must  be  taken  up;  or      I 

1     ' 

1 

I 

the   sewer  can   be  entered,  if 

large    enough,  and  the    drain 

examined   where    it  joins    the 

sewer. 

s 

Pipe  drains  are  always  pre- 

ferable to  leaky  brick  drains. 

t 

but  all  sorts  of  mistakes   are      r 
made  in  laying  pipe  drains,  and 

& 

the  resulting  evils  are  similar 

«r 

to    those    arising    from    brick 

>> 

drains.     In  the  first  place,  the  '^ 

55 

pipes    may     be    of    improper 

X 

material,     such     as     unglazcd 

,    ' 

£ 

porous  earthenware,  and  with- 
out proper  sockets.      If  glazed      I 

3l 
1 

stoneware  socketed  pipes  are 

used,   the  drain   may  be  laid 

1 

for  the   whole  or  part   of  its 

length  with  insufficient  fall,  or 

£ 

with    a   fall   the   wrong   way. 

Again,  the  pipes  used  may  be. 

t 

1 

and  generally  are,   much   too 
large — g-inch      pipes      where 

1 

4inch  would  be  sufficient ;  or 

1     L 

r  1 

the    pipes    may    be    laid    the 

wrong  way  (fig.  25),  with  the 

socket  end  downwards  or  towards  the  se 

wer. 

t— ■ 

e.,  without  any 
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luting  material  in  the  joints,  or  the  luting  material  used 
may  be  clay,  which  is  soon  washed  out  of  the  joints. 

Even  where  the  joints 
are  luted  with  cement, 
if  the  drain  is  laid  on 
uneven  ground,  settle- 
ment takes  place  and 
the  cement  joints  be- 
come cracked  and 
leaky. 

Bends  in  drains  are 
I  often  made  by  fitting 
I  straight  pipes  into  one 
another,      the      result 
3  being  an  open  joint  on 
the  side  with  the  great- 
5  er    curvature.       The 
i  junctions     of    branch 
»  drains    arc  frequently 
I  made  by  knocking  a 
I  hole  in  one  side  of  the 
I  main  drain  sufficiently 
3  large    to    receive    the 
end    of    the    branch, 
which    projects    more 
or  less  and  constitutes 
an     obstruction,     the 
hole   being    filled   in 
with  clay  or  cement. 
Even     where     proper 
junction      pipes      are 
used,      the      junction 
may  be  made  the  re- 
verse   way,    so     that 
sewage       from       the 
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branch  enters  the  main  drain  in  a  direction  opposed  to 
the  flow  of  sewage  in  it. 

Where  a  small  pipe  joins  a  larger  pipe,  the  junction 
is  often  effected  without  a  diminishing  pipe  by  placing 
the  socket  end  of  the  small  pipe  into  the  socket  of  the 
larger  pipe,  and  the  joint  that  results  is  most  defective 
(fig.  26).  In  this  case  also,  the  smaller  pipes  will  be  all 
laid  the  wrong  way  (with  the  socket  end  downwards), 
and  junctions  will  be  wrongly  connected  in  a  direction 
opposed  to  the  flow  of  sewage.  The  evils  arising  from 
such  defects  in  drains  are  leakages  of  foul  liquid  into  the 


FlO.  27.— Sink  with  Doulile  Trapped  Wi«le  Pip<'.     A ,  bell  trap ;  B,  dipntonp 

tmp. 

soil,  escape  of  foul  air,  and  formation  of  foul  deposits  in 
the  drains,  leading  eventually  to  complete  obstruction. 

House  drains  were,  and  are  still,  commonly  connected 
directly  with  the  common  sewer,  an  iron  flap  trap  only 
being  placed  over  the  opening  of  the  drain  into  the 
sewer.  This  flap  trap  affords  no  protection  against  the 
passage  of  foul  air  or  rats  from  the  sewer  into  the  drain. 
It  was  formerly  the  custom  to  place  a  dipslone  trap 
f  fig.  27)  on  the  course  of  the  drain  to  prevent  the  passage 
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of  foul  air  up  it.    It  consisted  of  a  brick  chamber  of  some 
depth  retaining  liquid,  into  which  dipped  a  stone  fixed 

in  the  roof  of  the  trap. 
This   trap   not    being 
self  cleansing,  because 
the  upper  part  of  the 
trap,     though     soiled 
with     splashings,      is 
never  flushed,  becomes 
^  choked    with   deposit, 
=  which     putrefies    and 
.o  causes    a    most   ofTen- 
§  sive  nuisance.    Where 
Z  disconnection  is  prac- 
■S  tised,  it  is  not  uncom- 
■i  mon   to   find    siphons 
I  too  large,  or  of  impro- 
■S  per  construction,  and 
^  incapable  of  complete 
I  flushing ;       in      some 
I  cases  the  siphon  is  so 
I  constructed    that    the 
?  outlet  is  higher  than 
£  the     inlet,     with    the 
aj  result  that  the  sewage 
'-'  is  backed   up  in    the 
*■  drain   (fig.  28).     One 
of  the  worst  forms  is 
that  in  which  a  verti- 
cal  access  pipe   rises 
from    the   dip   of    the 
trap,  for  in  this  pipe 
solid       matters      arc 
bound  to  accumulate. 
Soil  pipes  are  very  commonly  found  fixed  inside  the 
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liouse.  If  of  lead,  the  pipe  may  be  longitudinally  seamed 
for  its  wliole  length,  with  perforations  in  the  seam  of 
solder,  and  the  joints  may  be  formed  by  slipping  one 
length  of  pipe  inside  the  other.  Cast-iron  pipes  with 
loose  packed  joints  occasionally  do  duty  as  soil  pipes, 
and  may  perhaps  take  rain  water  as  well.  Zinc  is 
sometimes  used  for  soil  pipes ;  where  it  has  been  long 
in  use,  it  is  sure  to  have  numerous  perforations.  In  old 
houses  the  soil  pipe  is  almost  invariably  unventilated ; 
that  is  to  say,  it  is  not  open,  but  closed  at  its  highest 
point.  The  foul  air  in  unventilated  pipes  acts  on  the 
lead  (or  zinc)  walls,  and  gradually,  by  erosion,  forms 
holes  through  which  foul  air  or  liquids  escape.  But 
such  closed  soil  pipes  are  often  in  reality — though  not 
so  intended — ventilated  into  improper  places,  for  the 
foul  air  in  the  drain  and  soil  pipes  is  sure  to  find  some 
way  out.  Where  the  waste  pipes  of  baths,  sinks,  or 
lavatories  are  connected  directly  with  the  D  trap  under 
a  water-closet,  with  the  soil  pipe,  or  with  the  drain,  foul 
air  will  find  its  way  out  through  these  waste  pipes,  or 
through  bell  traps  into  the  house,  .\nothcr  ready  means 
of  exit  of  foul  gases  is  the  waste  pipe  to  the  safe-tray 
under  a  bath  or  water-closet,  when  this  is  connected 
with  the  soil  pipe  or  drain. 

But  the  most  important,  because  the  most  dangerous, 
is  the  direct  connection  of  the  overflow  or  standing 
waste  pipe  of  a  cistern  used  for  drinking  water  with 
the  drain  or  soil  pipe  (fig.  12).  The  foul  air  rises 
through  this  pipe  and  escapes  under  the  lid  of  the 
cistern  over  the  surface  of  the  water,  which  readily 
absorbs  foul  gases  and  collects  suspended  matters,  and 
a  dangerous  pollution  is  thereby  caused.  Other  means 
by  which  foul  air  can  escape  from  unventilated  drains 
are  bell  traps  (fig.  27)  in  the  basement  of  the  house 
(kitchen  or  scullery),  or  in  yards  and  areas,  and  rain- 
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Water  pipes  directly  coonected  with  the  drains.  In  this 
last  case  also,  foul  air  will  escape  through  any  loose 
joints  of  these  pipes,  which  may  be  in  close  proximity 
to  bedroom  windows. 

With  an  unventilated  drain,  water  traps — even  the 
best  designed,  as  we  h.nve  already  seen — are  not  eflectual 
safeguards  against  foul  air  entering  the  house.  Dell 
traps,  which  present  so  small  a  seal  of  water,  and  which 
arc  usually  choked  with  rubbish,  are  worse  than  useless 
to  prevent  the  passage  of  foul  air.  It  is  very  usual,  too, 
to  find  the  bell  removed  and  the  trap  consequently  gone, 
because  the  obstruction  to  the  flow  of  water  through 
lliem  is  so  great.  The  aspirating  effect  of  hres  inside  a 
house  must  not  be  lost  sight  of ;  the  draught  up  the 
chimney  tends  to  draw  air  towards  it,  from  any  opening, 
into  the  room ;  and  thus  it  often  happens  that  drain  or 
sewer  air  is  drawn  into  the  living  rooms. 

Where  some  attempt  has  been  made  to  ventilate  the 
soil  pipe,  it  is  often  either  most  absurdly  inadequate,  as 
when  a  i-inch  pipe  is  carried  up  as  ventilator  to  a 
4-inch  soil  pipe,  or  it  is  improperly  carried  out,  as  when 
a  rain  water  pipe  is  led  into  a  soil  pipe  to  also  act  as 
ventilator.  iJesides  the  danger  of  foul  air  escaping  into 
windows,  especially  attic  windows  under  which  the  rain- 
water pipe  often  commences,  it  is  obvious  that  during  a 
Btorm  of  rain,  when  it  is  most  necessary  to  provide  a  safe 
means  of  exit  for  displaced  drain  air,  the  ventilator  may 
be  running  full  of  water,  and  will  be  useless. 

The  pan  closet  and  D  trap  are  perhaps  the  most 
common  of  all  sanitary  (or  insanitary)  appliances.  They 
should,  wherever  found,  be  replaced  by  improved  forms 
of  closet  and  trap.  The  pan  closet  is  usually  supplied 
•vith  water  from  the  same  cistern  that  supplies  drinking 
water,  the  supply  pipe  being  connected  with  a  small 
»rrvicc  box  at  the  bottom  of  the  cistern  (vide  fig.  la). 


DISPOSAL   OF   REFUSE. 


147 


Water  is  admitted  into  the  service  box  by  a  spindle  valve 
guarding  an  opening  in  the  top  of  the  box,  this  valve 
being  connected  with  the  handle  of  the  water-closet  by 
wires  and  cranks,  and  an  air  escape  pipe  rises  from  the 
service  box  to  give  exit  to  displaced  air.  When  the 
handle  of  the  closet  is  pulled  up,  the  spindle  valve  is 
raised  from  its  seat,  water  enters  the  service  box,  and 
air  is  forced  up  the  escape  pipe  to  be  discharged  over 
the  surface  of  the  water  in  the  cistern.  Now,  the  supply 
pipe  and  service  box  are  always  full  of  air,  which, 
ascending  from  the  closet  basin,  is  often  much  befouled, 
and  it  is  this  air  which  escapes  over  the  water  of  the 
cistern,  and  may  impart  to  it  dangerous  qualities.  For 
water  is  capable  of  dissolving  foul  gases  in  contact  with 
it ;  and  it  is  this  property  which  often  imparts  such  an 
offensive  smell  to  the  water  of  cisterns  supplying  pan 
closets,  or  of  cisterns  with  overflow  pipes  connected 
directly  with  D  traps  or  soil  pipes. 

Hopper  water-closets  are  often  found  to  be  supplied 
with  water  direct  from  the  house  main.  During  an 
intermission  of  the  water  service,  the  tap  may  be  left 
open,  and  foul  air  or  liquid  iilth  may  at  such  times  be 
sucked  up  from  the  closet  basin  into  the  water  pipes. 
Several  severe  outbreaks  of  enteric  fever  have  been 
attributed  to  this  cause. 


Sewers. 

Sewers  are  underground  channels  designed  to  receive 
and  convey  away  by  gravitation  the  rainfall  and  waste 
waters  of  the  town,  and,  where  the  water-carriage  sys- 
tem has  been  adopted,  extrelal  refuse  as  well.  In 
former  times,  and  in  some  towns  at  the  present  day,  as 
at  Dublin,  if  a  river  or  stream  pass  through  or  near  a 
town,  the  sewers  took  the  shortest  available  course  to 
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the  banks  of  the  stream,  and  there  discharged — each 
sewer  by  its  own  outfall.  When  it  became  no  longer 
possible  for  towns  to  discharge  their  crude  sewage  into 
streams  in  this  manner,  intercepting  sewers  of  large 
size  had  to  be  constructed  to  receive  the  sewage  of  the 
tributary  sewers  ;  and  these  intercepting  sewers,  when 
united  to  form  one  or  more  main  outfall  sewers,  conduct 
the  sewage  outside  the  town. 

As  we  have  already  seen,  brick  sewers,  as  originally 
constructed,  perform  a  double  function  ;  they  are  land 
drains  as  well  as  sewers ;  for,  not  being  constructed 
water-tight,  they  drain  the  soil  by  admitting  subsoil 
water,  and  they  may  also  be  used  to  convey  away  the 
sewage.  By  permanently  lowering  the  level  of  the  sub- 
soil water  in  towns,  these  sewers  have  had  an  important 
effect  in  improving  the  health  of  the  inhabitants. 

But  the  beneficial  influence  of  sewers  acting  as  drains 
has  an  undoubted  drawback,  viz.,  that  drain  sewers  will 
just  as  readily  permit  of  foul  liquids  percolating  out  of 
them  through  their  walls  to  pollute  the  surrounding  soil 
and  contaminate  ground  water  and  ground  air  in  the 
neighbourhood,  as  of  subsoil  water  entering  them.  That 
such  escape  of  foul  water  does  take  place  is  plainly 
shown  by  the  fact  that  in  London  with  its  drain  sewers, 
all  shallow  well  waters  have  been  found  to  be  polluted 
with  sewage,  and  the  wells  have  in  consequence  been 
closed.  The  pollution  of  the  ground  air  has  also  an 
important  bearing  on  health,  as  such  air  is  liable  to  be 
drawn  into  houses  whose  basements  are  not  thoroughly 
concreted  over.  It  is  now  the  practice  of  all  engineers 
to  construct  sewers  as  far  as  possible  water-light,  and 
to  provide  other  means  for  draining  the  soil.  The 
drainage  of  the  subsoil,  being  so  important  a  considera- 
tion from  its  bearing  on  the  public  health,  must  not  bo 
Jost  sight  ol  io  those  towns  which,  by  reason  of  a  low 
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situation  or  a  high  impervious  subsoil,  have  the  under- 
ground water  but  a  few  feet  from  the  surface. 

Tht  Combined  System. — In  this  system  the  sewers  are 
designed  to  receive  the  rain — or  such  part  of  it  as  does 
not  evaporate  or  is  not  retained  by  the  soil — falling  over 
the  area  covered  by  the  town,  as  well  as  the  sewage 
proper.  The  amount  of  evaporation  depends  largely  on 
the  temperature  of  the  air ;  but  even  in  summer  it  is 
found  in  towns,  where  a  large  part  of  the  surface  ex- 
posed to  rainfall  consists  of  roofs  and  paved  surfaces  of 
yards,  courts,  and  streets  (especially  also  where  there 
are  steep  gradients),  that  from  one-half  to  three-quarters 
of  the  rain  falling  reaches  the  sewers.  It  is  therefore 
necessary  to  construct  the  sewers  of  size  sufficient  to 
take  a  large  part  of  the  rain  falling  during  heavy  storms, 
such  as  i  inch  of  rain  in  one  hour  in  towns,  and  \  to  j^ 
inch  in  the  suburbs  and  less  populous  parts  ;  otherwise, 
if  no  storm  overflows  are  provided,  the  sewers  in  low 
lying  districts  are  overcharged,  and  cellars  and  base- 
ments are  flooded.  In  London  the  intercepting  sewers 
were  constructed  to  receive  \  inch  of  rain  over  the  whole 
area  sewered  in  twenty-four  hours  {including  subsoil 
water) ;  but  storm  overflows  direct  into  the  Thames 
relieve  these  sewers  during  heavy  storms.  When  a 
storm  occurs  after  a  time  of  drought,  the  sewers  are 
flushed  of  accumulated  deposit,  and  the  sewage  which 
escapes  by  the  storm  overflows  is  often  very  strong  and 
foul,  and  productive  of  nuisance  in  the  river.  At  high- 
water,  too,  the  storm  overflows  are  tide  locked,  and 
then  low  lying  districts  may  be  flooded. 

This  principle  of  the  interception  of  sewage  is  also 
commonly  practised  in  seaside  towns  where  the  original 
sewers  have  been  given  a  direct  course  to  the  sea,  and 
the  escaping  sewage  gave  rise  to  offence.  The  inter- 
cepting sewer  running  along  the  seashore  picks,  m^  VW 
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original  sewers,  and  conveys  the  sewage  to  its  outlet 
some  distance  away  from  the  town.  Such  a  main  out- 
fall sewer  discharging  into  tlie  sea  should  terminate 
below  the  water  level,  even  at  low  tide,  and  should  have 
the  outlet  protected  by  a  flap  valve. 

To  prevent  deposit,  sewers  should  be  rendered  self- 
cleansing  by  being  constructed  with  a  sufficient  gra- 
dient, and  of  a  size  suitable  to  the  volume  of  sewage 
which  they  will  ordinarily  be  required  to  carry.  Accord- 
ing to  Mr.  Baldwin  Latham,  sewers  of  from  12  to  24 
inches  diameter  should  have  a  gradient  sufficient  to 
produce  a  velocity  of  not  less  than  2i  feet  per  second, 
and  in  sewers  of  larger  dimensions  in  no  case  should 
the  velocity  be  less  than  2  feet  per  second.  For  large 
sewers  a  less  gradient  is  required  than  for  small  sewers 
to  produce  the  same  velocity ;  but  the  volume  of  the 
sewage  to  be  conveyed  must  be  very  much  greater  for 
the  large  than  for  the  small  sewer.  A  sewer  10  feet  in 
diameter  having  a  fall  of  2  feet  per  mile;  a  sewer  5  feet 
in  diameter  having  a  fall  of  4  feet  per  mile ;  a  sewer 
a  feet  in  diameter  having  a  fall  of  10  feet  per  mile;  and 
a  sewer  i  foot  in  diameter  with  a  fall  of  20  feet  p»er 
mile,  will  all  have  the  same  velocity  of  flow,  but  the 
volume  of  sewage  in  the  lo-foot  sewer  must  be  too 
times,  in  the  5-foot  sewer  25  times,  and  in  the  2-foot 
sewer  4  times,  the  volume  of  sewage  in  the  i-foot  sewer. 

To  calculate  the  discharge  from  sewers,  the  following 
formula  is  generally  used  : — 

Let  V       velocity  of  flow  in  ftet  per  niiiuite. 

.,    D  -^  hydriulic  mean  depth. 

„    P    •  UIl  in  feet  per  mile. 
Then  V  =  55  (  v  UT2P). 

If  A  =  sectional  area  of  current  of  fluid,  V  x  A  = 
discharge  in  cubic  feet  p>er  minute.  The  hydraulic  mean 
depth  is  the  sectional  area  of  the  current  of  fluid  -i-  the 
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wetted  perimeter  (i.e.,  that  part  of  the  circumference  of 
the  sewer  wetted  by  the  fluid  flowing  through  it) ;  in 
circular  sewers  running  full  or  half  full  it  is  one-fourth 
the  diameter.  The  term,  when  applied  to  a  sewer,  im- 
plies the  depth  of  a  rectangular  channel  \Yhose  sectional 
area  equals  that  of  the  curvilinear  channel  under  con- 
sideration, and  whose  width  is  equ;il  to  the  entire  wetted 
perimeter  of  the  latter. 

In  modern  systems  of  sewerage,  the  sewers  are  hiid  in 
straight  lines  with  manholes  at  every  point  of  change  of 
direction.  The  inspection  and  cleansing  of  the  sewers 
is  much  facilitated  by  such  an  arrangement.  The  best 
form  of  sewer  in  all  cases  in  which  the  volume  of  sew- 
age undergoes  fluctuation  is  the  egg-shaped,  the  small 
end  of  the  egg  downwards.  In  this  form,  there  is 
a  greater  depth  of  sewage  and  less  contact  with  the 
walls  of  the  sewer,  and  consequently  less  friction,  than 
in  any  other  form.  For  outfall  sewers,  in  which  the 
volume  of  sewage  to  be  conveyed  is  large  and  uniform, 
Mr,  Baldwin  Latham  advises  the  circular  form,  as  it  is 
cheaper  and  stronger  when  constructed.  Up  to  18 
inches  internal  diameter,  sewers  siiould  be  circular  in 
section ;  and  for  these  small  sizes,  stoneware,  cernent, 
or  concrete  pipes  are  better  than  sewers  constructed  of 
brick.  Iron  pipes  and  patent  joints  iu  stoneware  pipes 
are  often  used  in  damp  sites.  The  iron  pipe  has  the 
advantage  of  being  made  in  g  and  12  feet  k-ngths, 
and  therefore  fewer  joints  are  necessary;  it  can  also 
be  jointed  to  stand  a  great  pressure.  Mr.  Latham's 
experience  is  that  no  public  sewer  should  be  less  than 
g  inches  in  diameter,  owing  to  the  risk  of  smaller  pipes 
becoming  obstructed  and  stopped  up  by  articles  impro- 
perly introduced  into  the  house  drains. 

Sewers  of  unequal  sectional  area  should  not  join  with 
level  inverts  ;  but  the  bottom  of  the  lesser  sewer  should 
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have  a  fall  into  the  main  at  least  equal  to  the  difference 
between  the  diameters  of  the  tributary  and  the  main 
sewer. 

Well-burnt,  tough,  impervious  bricks,  or  glazed  fire- 
bricks, should  be  used  in   the  construction  of  sewers, 
especially  in  the  construction  of  the  lowest  segment  or 
invert  of  the  sewer,  which  is  the  part   most  liable   to 
1       wear  and  erosion  from  the  passage  or  stones  and  grit 
^t  in  the  sewage  over  it.     For  the  smaller  sewers  suitably 
curved  bricks  only  should  be  used.     Sewers  under  3  feet 
i       in  diameter,  when   laid   in  good  ground,  may  be  con- 
H  Etructed   of   4^-inch    brickwork.      When  laid   in  bad 
^^  shifting  ground,  or  for  larger  sewers,  g-inch  brickwork 
should  be  used.     Suitably  curved  stoneware  blocks  are 
now  very  generally  used  for  the  inverts  of  sewers  ;  tlieir 
smooth  hard  upper  faces  form  an  excellent   floor  for 
the  sewer.     When  these  blocks  are  made  hollow,  they 
provide  a  means  of  draining  ofT  the  subsoil  water  during 
the  construction  of  the  sewer  ;  but  engineers  do  not  now 
advise  their  use,  as  the  hollow  block  is  apt  to  split  from 
the  weight  of  the  sewer  built  over  it ;  and  in  sandy  soils 
the  washing  away  of  sand  in  the  subsoil  water  passing 
into  the  subsoil  drain  may  cause  settlement  of  the  sewer. 
The  mortar  used  in  jointing  the  bricks  should  be  made 

tof  the  best  Portland  cement  and  fine  sharp  sand. 
The  Separate  System. — Where  it  is  intended  to  convey 
■way  sewage  proper  only,  storm,  surface,  and  subsoil 
waters  being  separated,  the  sewers  need  be  only  of  small 
kize.   Under  such  circumstances  glazed  stoneware  pipes, 
jointed  with  Portland  cement  are  generally  used  to  form 
the  tributaries,  whilst  the  outfall  sewer  is  constructed  of 
rickwork.     Cement  or  silicated  concrete  pipes  have 
pn  used,  especially  in  Germany,  instead  of  stoneware 
[>ipes.      They  are  said  to  be  less  brittle,  to  withstand 
extremes  of  climate,  and  to  resist  the  chemical  action  of 
lie  sewage  better  than  stoneware  pipes.      Under  the 
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separate  system,  the  sewers,  of  whatever  materia!,  must 
receive  water-closet  sewage  and  waste  waters  only  ;  all 
rain  water  from  roofs,  yards,  or  areas,  must  be  conveyed 
by  separate  pipes  into  surface  channels  at  the  sides  of 
the  streets,  when  the  gradients  are  sufficient,  or  into 
underground  channels  constituting  a  system  of  drains 
quite  distinct  from  the  sewers.  At  convenient  points 
the  surface  channels  or  underground  drains  should 
discharge  into  the  stream  or  river  which  forms  the 
natural  drainage  bed  of  the  locality.  The  drainage  of 
the  subsoil  should  be  effected  by  agricultural  tile  drains 
laid  in  the  same  trench,  but  above  the  sewers,  and 
diverted  into  the  watercourses  at  all  suitable  points. 

The  advantages  of  the  separate  system  are  :  (i)  The 
volume  of  sewage  to  be  conveyed  outside  the  town  is 
small  as  compared  with  that  to  be  dealt  with  by  the 
combined  system;  its  daily  or  seasonal  fluctuations,  and 
the  total  quantities  to  be  dealt  with,  can  be  calculated 
approximately  from  the  population  and  water-supply 
(points  of  great  importance  where  the  sewage  has  to  be 
pumped  to  the  outfall,  or  to  be  purified  before  being 
discharged) ;  (2)  the  sewage  is  uniform  in  composition 
because  protected  from  dilution  with  storm  waters,  and 
its  purification  and  utilization  day  by  day  are  therefore 
undertaken  with  much  less  difficulty  than  is  the  case 
with  sewage  which  is  sometimes  strong  and  at  others 
very  weak,  from  admixture  with  rain  and  subsoil 
waters ;  (3)  the  sewers,  being  small  and  having  smooth 
walls,  are  more  frequently  flushed,  and  there  is  less 
tendency  to  deposit,  with  formation  of  foul  gases,  than 
in  the  case  of  the  larger  brick  sewers ;  (4)  the  cost  of 
tlie  system  is  very  much  less  than  that  of  the  combined 
system. 

The  disadvantages  are:  (i)  that  every  house  must 
have  two  drains  or  two  sets  of  pipes — one  for  sewage 
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and  the  other  for  rain  water ;  and  this  gives  rise  to 
mistakes  on  the  part  of  builders,  wlio  occasionally  con- 
nect the  pipes  with  the  wrong  system  ;  (2)  that  the 
surface  water  from  yards  and  streets  is  often  foul, 
especially  when  a  storm  succeeds  a  period  of  drought, 
unless  the  yards  and  streets  are  constantly  cleansed 
and  well  scavenged ;  (3)  that  the  flushing  effect  on 
the  sewers  of  storm  waters  is  lost.  It  is,  however, 
sufficiently  obvious  that  these  disadvantages  in  no 
way  counterbalance  the  undoubted  advantages  of  the 
separate  system. 

Inspection,  Fli'SHIng,  and  Ventilation  of  Sewers. 

In  any  system  of  sewerage  it  is  necessary  t6  provide 
means  of  access  to  the  sewers  for  their  cleansing  and  for 
the  removal  of  accumulations  of  deposit.  Manholes 
are  shafts  sunk  from  the  surface  of  the  road  to  the 
sewer,  by  which  the  scavengers  can  descend.  They  are 
constructed  of  brickwork,  and  provided  with  a  locked 
iron  door  at  the  street  level.  In  streets  where  there  is 
much  traffic,  the  shaft  is  sunk  from  tlie  footway  perpen- 
dicularly for  a  short  distance,  and  then  carried  down 
by  means  of  steps  to  the  side  of  the  sewer.  In  other 
cases  the  manholes  are  sunk  from  the  middle  of  the 
road  to  the  crown  of  the  sewer.  They  have  also  a 
variety  of  other  uses;  they  are  used  as  points  of  junction 
I'wtwern  ttibutary  pipe  sewers  and  the  main  sewer, 
curved  channels  being  constructed  in  the  floor  of  the 
manhole;  and  they  are  also  the  points  at  which  flushing 
gates  m;«y  most  advantageously  be  fixed  in  brick  sewers. 

Flushing  gales  are  sluices  made  to  fit  the  whole  or 
part  of  the  sectional  area  of  a  sewer.  When  in  position 
ihcy  dam  back  the  sewage  in  the  sewer  above,  and  on 
being  raised,  01  lilieralc-d,  the  sewage  so  stored  rushes 
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forwards  and  effectually  flushes  the  sewer  below.  Self- 
acting  gates  are  often  used  for  this  purpose.  The  gate 
being  hinged  below  its  centre,  the  pressure  of  the  sewage 
on  that  portion  of  the  gate  which  is  below  the  hinge 
fixes  it  in  position.  As  the  sewage  rises,  the  upper 
portion  of  the  gate  is  likewise  exposed  to  the  pressure 
of  the  sewage,  and  presenting  a  larger  area  than  the 
part  below  the  hinge,  a  point  is  at  lenf^th  reached  when 
the  gate  tilts,  assuming  a  horizontal  position,  and  ihc 
sewage  escapes.  Flushing  gates  are  not  used  for 
flushing  the  upper  ends  of  brick  sewers,  nor  are  they 
used  for  flushing  pipe  sewers.  For  these  purposes, 
automatically  discharging  siphon  flush  tanks  find  a 
most  useful  application.  They  should  he  supplied  with 
water  from  a  tap  connected  witli  the  town  water  mains, 
and  regulated  to  discharge  at  intervals  as  required. 

It  might  be  thought  that  the  pipe  sewers  used  with 
the  separate  system  do  not  require  artificial  flushing. 
But  experience  has  taught  otherwise,  and  it  must  be 
remembered  also  that  under  this  system  the  sewers  are 
not  flushed  by  storm  waters.  There  can  be  no  doubt 
that  heavy  rainfall  is  very  eflectual  in  flushing  sewers; 
but  besides  introducing  a  quantity  of  grit  and  sand  from 
the  roads,  rainfall  cannot  be  depended  upon  in  this 
climate  to  occur  at  properly  recurring  intervals,  and 
is  often  absent  for  long  periods  in  summer,  when  sewer 
deposits  are  most  abundant  and  offensive. 

The  vent  Hat  inn  of  sewers  is  a  matter  of  importance,  as 
the  health  of  a  sewered  district  probably  depends  to 
some  extent  on  the  efficiency  of  the  sewer  ventilation. 

The  investigations  of  Mr.  Parry  Laws  and  Dr. 
Andrewes  on  the  micro-organisms  of  sewage  and  sewer 
air  tend  to  show  that  sewer  air  has  no  power  of  taking 
up  bacteria  from  the  sewage  with  which  it  is  in  contact. 
They  found  that  the  micro-organisms  present  in  sewer 
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air  are  much  more  nearly  related  to  those  found  in  the 
outer  atmosphere  than  to  those  existing  in  sewage.  In 
the  course  of  their  experiments,  the  nature  of  the  organ- 
isms in  some  1,200  litres  of  sewer  air  was  determined. 
Not  once  was  the  Bacillus  colt  communis  found  in  such  air, 
though  the  former  is  present  in  sewage  in  numbers  vary- 
ing from  20,000  to  200,000  per  cubic  centimetre.  The 
authors  conclude  that  the  possibility  of  the  existence 
of  the  bacillus  of  typhoid  in  the  air  of  our  sewers  is 
infinitely  remote. 

Mr.  Parry  Laws  and  Dr.  Andrewes  have  also  ex- 
perimented on  the  vitality  of  the  bacillus  of  typhoid  in 
sewage.  They  conclude,  as  the  result  of  their  investiga- 
tions, that  sewage  does  not  form  a  medium  in  which 
much,  if  any,  growth  of  the  bacilli  is  possible  under 
natural  conditions.  The  death  of  the  bacilli  in  sewage 
is  probably  only  a  matter  of  a  few  days,  or  at  most  one 
or  two  weeks.  But  this  degree  of  resistance  may, 
nevertheless,  be  sufficient  to  allow  of  their  being  carried 
in  sewage  to  remote  distances,  and  of  their  being  able 
to  produce  disastrous  results  should  they  gain  access 
to  any  water-supply. 

These  researches  are  very  interesting,  but  the  con- 
clusions deduced  are  not  altogether  in  harmony  with 
practical  experience,  and  cannot  be  at  present  accepted 
•6  authoritative  on  the  harmlessness  of  sewer  air,  for 
experience  teaches  that  many  morbid  conditions  are 
induced,  directly  and  indirectly,  by  exposure  to  drain 
and  sewer  gases.  The  following  are  the  most  generally 
recognised :  Vomiting,  gastro-enteritis  and  diarrhoea, 
faintness,  headache,  chronic  blocKl-poisoning  (irregular 
temperature,  anorexia,  headache,  boils,  sickness,  septic 
arthritis,  &c.),  follicular  tonsillitis,  and  diphtheritic 
throats. 

Chemical  examination  shows  that  sewer  air  is  subject 
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to  wide  variations.  A  sample  of  air  taken  from  a 
choked  sewer  in  Paris  was  found  by  Parent  Ducliatclet 
to  contain  only  lyjij  per  cent,  of  oxygen,  and  as  much 
as  2-99  per  cent,  of  sulphuretted  hydrogen.  The  air  of 
closed  cesspools  in  Paris  must  often  have  been  quite  as 
deficient  in  o.xygen  to  have  caused  those  symptoms  of 
partial  asphyxia  from  which  the  workmen  employed  to 
empty  them  occasionally  suffered. 

Where  the  quantity  of  sulphuretted  hydrogen  has  been 
relatively  great,  sudden  death  has  in  some  instances 
resulted  amongst  those  who  opened  the  cesspool.  The 
same  results  have  followed  when  men  have  entered 
sewers.  Whenever  it  is  necessary  to  enter  an  old  or 
foul  sewer  (or  cesspool)  the  following  precautions  should 
be  taken :  Open  the  lids  of  the  two  adjacent  manholes 
and  leave  open  for  some  time ;  then  cautiously  lower  a 
lighted  candle  into  the  sewer,  which  must  not  be  entered 
unless  the  candle  burns  brightly,  if  there  is  a  likelihood 
of  explosive  gases  being  present  in  the  sewer,  a  miner's 
safety  lamp  should  be  lowered,  or  a  mouse  in  a  cage ;  in 
the  latter  case,  if  the  mouse  is  lively  after  ten  minutes 
in  the  sewer,  it  will  be  safe  for  a  man  to  enter  it. 
Whenever  circumstances  appear  to  warrant  it,  the  man 
should  have  a  strong  rope  tied  around  his  shoulders,  so 
that  he  could  be  lifted  by  it  by  a  comrade,  wlio  should 
always  be  in  readiness  ;  and  if  lie  should  have  to  crawl 
along  the  sewer,  a  rope  should  also  be  securely  tied  to 
his  ankles,  so  that  he  may  be  drawn  back  if  overpowered 
by  the  gas. 

In  the  London  sewers  the  air  is  generally  fairly  pure. 
The  most  impure  sample  taken  by  Dr.  Russell  from  the 
Paddington  sewers  was  found  to  contain  o"5i  vols.  COj, 
2o*7  vols.  O,  and  7^79  vols.  N  in  100  vols.  The  most 
ofTensive  gases  are  given  off  from  sewers  in  which  deposit 
forms,  such  as  the  old-fashioned  brick  conduits  with  flat 
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bottoms,  or  oval  sewers  in  which  a  portion  of  the  invert 
has  sunk  below  its  proper  level,  or  sewers  which  are  too 
large  for  the  volume  of  sewage  they  ordinarily  convey,  M 
and  in  which  the  deposits  and  slime,  formed  on  their  1 
floors  and  sides,  are  not  removed  by  flushing.     Outfall 
sewers  in  which  sewage  is,  for  any  reason,  backed  up 
and  stagnant  during  a  portion  of  the  day  are  also  liable 
to  become  sewers  of  deposit.    The  deposit  rapidly  putrcfl 
fies,  giving  off  offensive  gases,  which  escape  through  the 
nearest  ventilator;  or  should  the  sewer  be  insufficiently 
ventilated,  the  foul  gases  find  an  e.xit  through  housflfl 
drains  and  traps  into  the  interior  of  houses.    ,  i 

In  all  sewers,  owing  to  the  constant  variation  of  the 
flow  of  sewage  through  them,  some  deposit  forms  on| 
their  sides,  which,  being  alternately  wet  and  dry,  rapidlyj 
putrefies,  and  parts  with  its  putrefactive  ferments  to  the 
sewage  flowing  by.    In  pipe  sewers  there  is  less  tendency 
to  deposit  than  in  brick  sewers  of  larger  diameter,  owing 
to  the  smooth  interna!  surfaces  of  the  pipes,  and  to  the 
greater  frequency  with  which  they  are  washed,  as  pipe 
sewers  are  more  often  running  full  or  nearly  full  than, 
brick  sewers. 

Natural   ventilation  of  sewers,  by  which  movements 
of  air  in    them   are  produced,  is  due  to  a  variety 
causes,  the  most  important  of  which  are: — (i)  Wheri 
there  is  a  strong  and  rapid  stream,  a  current  of  air  ia 
produced  which  is  in  the  same  direction  as  the  sewagQ 
stream,  and  of  proportional  velocity.     Most  of  the  opea4 
ings  into  the  sewers  will  be  inlets  for  fresh  air,  dravn 
in  by  the  current  of  air  beneath,  which  finally  esca[ 
tlirough  the  outfall  sewer.     (2)  During  the  cold  montt 
of  the  year,  the  temperature  inside  a  sewer  is,  owing  tc 
the  warnUh  of  the  sewage,  higher  (average  about  7'  F 
than   that  of  the  external  atmosphere,  consequently  th< 
warmer  sewer  air  tends  to  tasc  Av\d  to  be  replaced  b| 
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the  cold  external  air.  During  the  warm  months  of  the 
year  the  temperature  of  the  sewer  is  by  day  often  con- 
siderably cooler  than  the  external  air.  In  spring  and 
autumn  the  temperatures  inside  and  outside  are  more 
nearly  equal.  (3)  The  air  of  sewers  is  generally  satu- 
rated with  moisture,  and  therefore  lighter  as  a  rule 
than  the  general  atmosphere  outside,  both  in  summer 
and  winter,  ^or  this  reason  sewer  air  generally  tends 
to  rise  up  from  any  openings  into  the  sewer.  {4)  The 
passage  of  hot  liquids  from  houses  and  from  factory 
boilers  causes  a  rise  in  the  temperature  of  the  sewage 
and  expansion  of  the  sewer  air.  Blowing  off  steam 
from  boilers  into  sewers  causes  a  great  rise  of  pressure, 
.Ttid  unless  ample  ventilation  is  provided  house  traps 
will  be  forced.  {5)  During  the  early  part  of  tlie  day, 
the  volume  of  sewage  in  the  sewers  increases  rapidly  tu 
a  maximum,  and  air  is  consequently  slowly  expelled,  to 
be  replaced  by  inflowing  air  as  the  level  of  the  sewage 
falls.  The  rising  of  the  tide  in  an  outfall  sewer,  not 
protected  by  a  tidal  valve,  will  also  displace  air,  but  the 
displacement  is  so  gradual  as  to  be  almost  inappreci- 
able. Where  storm  waters  are  admitted  into  the  sewers, 
sudden  heavy  rainfalls  exert  a  marked  influence  in  ex- 
pelling air,  which  is  somewhat  counterbalanced  by  the 
aspirating  effect  produced  by  the  flow  of  air  in  the 
direction  of  the  current.  (6)  Sudden  falls  of  barome- 
trical pressure  cause  air  and  gases  dissolved  in  the 
sewage  to  be  given  off.  (7)  Sudden  variations  in  tem- 
perature of  the  external  air  produce  variations  in  pres- 
sure of  the  sewer  air,  .\  high  temperature  favours 
decomposition  of  the  sewage  and  evolution  of  gases. 

Openings  into  the  crowns  of  sewers  from  the  surface 
of  the  roadway  should  be  made  at  distances  of  not  more 
than  100  yards  apart.     Some  of  these  will  act  as  inlets, 
^^nd  others  as  outlets,  and  the  pressure  ol  a\T  "\w  ^^ve. 
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sewer  will  at  no  time  be  able  to  rise  sufliciently  to  force 
the  traps  on  house  pipes  and  drains. 

TJiere  are  objections  which  apply  to  the  method  of 
ventilating  sewers  by  means  of  the  soil  pipe  ventilators 
of  houses,  as  when  this  method  is  carried  out  there 
must  be  no  disconnecting  traps  to  the  house  drains,  and 
fresh-air  inlets  to  the  drains  cannot  be  fixed.  Sewer  air 
escaping  in  large  volumes  near  dormer  windows  might 
also  cause  a  serious  nuisance.  Where  a  disconnecting 
trap  is  fixed  on  the  house  drain,  a  4-inch  pipe  may  be 
carried  up  to  the  ridge  of  the  roof  from  the  drain  on  the 
sewer  side  of  the  trap,  its  end  being  left  open  ;  and  it 
will  be  found  useful  as  an  exit  for  sewer  air  when  used 
in  combination  with  road  ventilators.  But  it  is  needful 
to  lx.ar  in  mind  that  where  rainwater  is  admitted  to  the 
sewers,  during  heavy  rainfall,  when  ventilation  is  most 
required  for  affording  a  safe  exit  for  suddenly  displaced 
sewer  air,  house  drains,  or  any  part  of  them,  are  often 
useless  for  this  purpose,  as  their  openings  into  the  sewer 
may  l>e  sealed  by  the  height  at  which  the  sewage  is 
flowing  in  the  sewer. 

The  best  form  of  street  ventilator  is  a  shaft  sunk  from 
the  middle  of  the  roadway  to  the  crown  of  the  sewer. 
Beneath  the  grating  at  the  surface  of  the  street  should 
be  placed  a  dirt  box  to  catcli  gravel  and  mud,  which 
would  otherwise  fall  into  the  sewer,  a  space  being  left 
around  the  box  for  the  passage  of  air.  The  dirt  box 
should  be  capable  of  removal  from  the  surface  of  the 
road.  Ventilators  may  also  be  constructed  in  connection 
with  manholes.  A  shaft  is  sunk  for  a  short  distance  by 
the  side  of  the  manhole,  openings  being  made  between 
ihcm  for  the  passage  of  air.  Mud  and  gravel  fall  to  the 
bottom  of  this  shaft,  from  which  a  pipe  conducts  the 
water  to  the  sewer  beneath.  The  air  which  escapes 
from  the  sewers  by  these  street  ventilators  is  rapidly 
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diluted  with  fresli  air ;  and,  from  their  position  in  the 
centre  of  the  roadway,  there  is  the  least  chance  oii 
offence  to  foot  passengers  or  of  foul  air  gaining  entrance 
to  houses.  In  narrow  courts  and  streets,  especially  at 
the  upper  or  dead  ends  of  sewers,  the  surface  ventilators 
should  be  replaced  by  shafts  carried  up  from  the  crown 
of  the  sewer  to  above  the  tops  of  houses  ;  for  it  is  desir- 
able to  avoid  any  risk  of  foul  sewer  air  collecting  in 
stagnant  courts  and  streets  surrounded  by  buildings,  in 
which  rapid  dilution  of  the  sewer  exhalations  with  fresh  I 
air  might  not  always  take  place.  Street  gullies  should 
be  effectually  trapped,  both  to  prevent  mud  and  sand 
entering  the  sewer,  and  to  avoid  an  escape  of  sewer  air 
close  to  the  footways  and  the  fronts  of  houses. 

Iron  wire  baskets  containing  small  wood  charcoal 
were  at  one  time  extensively  used  to  sweeten  the  air 
escaping  through  the  ventilators.  When  dry  they  exer- 
cise considerable  influence  in  oxidising  and  deodorizing 
organic  vapours.  But  they  rapidly  become  wet  from 
rain  and  watery  vapour,  and  then  they  are  not  only 
useless  as  deodorizers,  but  the  pores  are  so  clogged 
as  to  obstruct  all  passage  of  air  through  them.  For 
these  reasons  their  use  has  been  nearly  everywhere 
discontinued. 

Various  processes  (such  as  Reeves')  have  from  time 
to  time  been  patented  for  deodorizing  the  sewer  air 
escaping  from  street  ventilators  liy  bringing  it  in  contact 
with  gases,  generated  by  the  automatic  and  gradual 
mixing  of  different  chemical  solutions.  More  recently  a 
method  of  cremating  the  sewer  air,  by  passing  it  over 
or  through  a  gas  flame,  placed  in  a  chamber  at  the 
top  of  the  ventilator  has  been  tried.  By  this  method 
the  escaping  sewer  air  is  heated,  possibly  even  to  the 
point  of  sterilization,  whilst  the  combustion  of  the  gas 
tends  to  create  an  artificial  draught  up  tlie  sewer  vcn- 
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tilator.  There  can  be  no  (luestion  that  any  general 
adoption  of  such  systems  is  undesirable.  If  they  are 
successful  in  mitigating  nuisance  from  sewer  ventilators, 
they  tend  to  conceal  bad  or  defective  conditions  of  the 
sewers  themselves,  which  are  primarily  the  cause  of  tlie 
escape  of  ofTensive  gases,  and  which,  therefore,  should 
be  remedied  in  the  first  instance.  If,  on  the  other  hand, 
the  sewers  are  well  laid  and  self-cleansing,  they  are  not 
required  at  all.  Should  the  sewers  be  so  old  and  dilapi- 
dated as  to  be  generally  offensive  throughout  a  district, 
it  would  prove  more  satisfactory  and  far  more  beneficial 
to  the  public  health,  to  reconstruct  them  on  modern 
principles  than  to  inaugurate  a  system  of  concealing  the 
eflfects  without  attacking  the  cause. 

Where  sewers  are  laid  with  steep  gradients,  it  is 
found  that  the  current  of  air  tends  to  pass  in  the  reverse 
direction  to  the  flow  of  the  sewage  from  the  low  to  the 
high  levels.  To  prevent  the  escape  of  large  volumes  of 
foul  air  at  the  upper  parts  of  a  sewered  district,  it  is 
necessary  to  construct  at  various  points  a  tumbling  bay 
with  manhole  and  ventilator  opening  above  at  the  street 
level.  Then  the  sewer  air  in  its  course  upwards  meets 
the  flap  valve,  hung  from  the  crown  of  the  sewer  imme- 
diately over  the  tumbling  bay,  and  is  forced  to  escape 
into  the  outer  air  through  the  ventilator. 

It  was  at  one  time  thought  that  by  connecting  sewers, 
by  means  of  shafts,  with  a  furnace  chimney,  a  powerful 
extractive  force,  useful  in  ventilating  a  large  portion 
of  the  system,  would  be  put  in  operation.  By  this 
method,  however,  a  great  draught  for  a  short  distance 
only  is  produced,  as  air  rushes  in  from  all  openings  inj 
the  neiglibourhood  to  supply  the  place  of  that  extracted 
by  the  furnace.  Beyond  a  very  short  distance  no  cfTect 
is  produced,  and  there  is  besides  considerable  risk  ofj 
traps  in  houses  being  drawn.     If  any  such  method  ii 
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adopted,  the  chimney  selected  sliould  be  one  in  connec- 
tion with  a  furnace  which  is  kept  going  day  and  niglit 
througliout  the  entire  year,  and  all  openings  into  the 
sewers  within  the  area  it  is  desired  to  ventilate  must  be 
carefully  closed.  At  the  same  time  the  connections  of 
house  drains  to  the  sewers  should  be  examined,  to  make 
certain  that  such  an  intercepting  siphon  trap  exists  on 
every  drain  as  will  not  become  unsealed.  The  method 
is  really  only  applicable  to  large  main  sewers  which  do 
not  receive  house  drains,  but  intercept  the  sewage  from 
tributary  sewers. 

Adequate  ventilation  is  just  as  necessary  for  pipe 
sewers  as  for  brick  sewers.  The  experience  at  Croydon 
is  sufficient  proof  of  this.  Buchanan  reported  that 
"  to  some  extent  when  sewers  are  running  freely,  but 
greatly  more  when  they  are  not  running  freely,  dis- 
placement of  air  from  them  is  an  affair  of  sewer  calibre." 
Displacement  of  air  from  the  entry  of  a  volume  of  water 
will  be  sixteen  times  greater  in  a  6-inch  sewer  than  in  a 
2-foot  sewer,  and  the  displacement  will  be  greatly  more 
sudden.  "  Hence  the  air  in  a  small  sewer  is  liable  to 
l>c  under  far  greater  pressure  than  the  air  in  a  large 
sewer."  Numerous  openings  into  the  open  air  must 
exist  for  the  exit  of  this  displaced  air,  or  it  will  find  its 
way  into  houses  through  trapped  and  untrapped  pipes. 

Outfall  Sewers. — In  some  cases  it  may  be  necessary  to 
carry  the  sewage  of  a  town  across  a  river  or  a  valley. 
This  may  sometimes  be  done  by  bridging  ;  but  usually 
the  outfall  sewer  is  at  too  low  a  level  topermit  of  it. 
In  such  cases  the  sewer  should  be  carried  across  by 
means  of  an  inverted  siphon,  formed  of  wrought  iron 
pipes  with  riveted  flange  joints,  laid  in  the  bed  of  the 
river  or  valley.  Arrangements  must  be  made  for  pre- 
ventmg  the  accumulation  of  solid  matters  at  the  lowest 
point  of  the  siphon,  resulting  eventually  in  a  stoppage, 
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to  which  there  is  a  tendency,  unless  the  current  through 
is  of  sufficient  velocity  to  carry  all  solid  matters  with  it. 
With  this  view  the  sewage  may  be  strained  before  pass- 
ing through  the  siphon,  or  the  siphon  must  be  periodi- 
cally flushed.  To  give  exit  to  air  under  pressure  in  the 
siphon,  which  might  prevent  its  proper  action,  a  venti-  h 
I  lating  pipe  should  be  attached  to  the  descending  arm.        H 

^^^^^  The  Disposal  of  Sewage.  ^^^| 

The  disposal  of  the  sewage  of  a  town  or  district  is 
usually  the  most  difficult  problem  to  solve  of  any  con- 
nected with  the  sewage  question.  Fortunately,  since 
the  Rivers  Pollution  Pre%'ention  Act  became  law  in 
1876,  the  nature  of  the  problem  has  been  altered.  The 
question  for  a  local  authority  to  determine  is  now,  not 
how  to  get  rid  of  its  crude  sewage  with  the  least  trouble 
and  expense,  but  how  to  purify  the  crude  sewage  so  that 
it  may  be  admissible  into  a  stream.  For  the  Rivers 
Pollution  Prevention  Act  made  it  illegal  to  discharge 
crude  sewage  into  a  stream,  this  term  including  rivers, 
streams,  canals,  lakes,  and  watercourses,  other  tiian 
watercourses  mainly  used  as  sewers,  and  also  the  sea  to 
such  extent,  and  tidal  waters  to  such  point,  as  may  after 
local  enquiry,  or  on  sanitary  grounds,  be  determined  by 
the  Local  Government  Board.  It  is  greatly  to  be 
regretted  that  this  Act  has  in  many  parts  of  the  country 
entirely  failed  to  prevent  the  continued  pollution  of 
streams,  by  which  the  community  has  already  so  largely 
sufTcred.  The  interests  involved  in  the  continuance  of 
the  existing  state  of  things  were,  and  are,  too  great  to 
l)e  set  aside  to  benefit  merely  the  health  and  comfort  of 
the  people.  The  crude  sewage  and  waste  refuse  of 
nuny  of  our  Northern  manufacturing  towns  still  pollute 
the  streams  and  rivers  as  vn  former  years. 
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Where  sewage  is  discharged  into  fresh  running  water 
and  at  once  largely  diluted,  it  becomes  in  course  of  time 
to  a  great  extent  purified.  Distributed  through  a  large 
volume  of  clean  water,  the  organic  matters  are  oxidized 
through  the  aid  of  nitrifying  bacteria  by  the  oxygen 
dissolved  in  the  water,  and  by  that  given  out  by  minute 
water  plants  (algs,  diatoms,  and  desmids),  and  are  also 
assimilated  by  minute  animals  (infusoria,  rhizopoda, 
entomostraca,  anguillula;,  &c.).  They  are  thus  purified, 
or  got  rid  of,  without  the  occurrence  of  putrefaction  and 
the  formation  of  offensive  gases,  which  must  occur  when 
the  sewage  is  not  sufficiently  diluted  with  fresh  water 
and  the  temperature  of  the  air  is  high,  the  growth  of 
bacterial  organisms  then  taking  place  to  such  an  extent 
as  to  cause  putrefaction.  Putrefactive  bacteria  will  no 
doubt  in  time  break  up  complex  organic  matters  into 
their  constituent  parts,  and  thus  purify  sewage  ;  but  the 
process  is  one  productive  of  nuisance  and  injury  until 
the  ultimate  effect  is  attained. 

In  the  case  of  tidal  rivers,  the  Reports  of  the  Royal 
Commission  on  Metropolitan  Sewage  Discharge  show 
that  there  maybe  a  considerable  concentration  of  sewage 
in  the  river,  forming  what  has  been  termed  a  "  sewage 
zone,"  due  to  the  oscillation  of  the  tides ;  for  the  river 
water  into  which  the  sewage  is  discharged  is  not  pure 
water,  but  is  water  that  by  reason  of  the  tidal  oscillations 
has  already  become  contaminated  by  the  accumulations 
of  successive  previous  sewage  discharges.  The  only 
true  sources  of  dilution  are  the  land  water  entering  from 
above,  and  the  sea  water  from  the  mouth  of  the  river. 
During  dry  weather,  when  the  fjuantity  of  land  water  is 
slight,  the  displacement  of  the  sewage  towards  the  sea 
is  very  slow  (about  a  quarter  of  a  mile  daily  in  the  case 
of  the  Metropolitan  sewage)';  so  that  the  sewage  dis- 
charged on  any  particular  day  oscillates  up  atvA  (Xq^ti 
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the  river  with  the  tide,  and  is  continually  receiving  fresh 
increments.  The  sewage,  too,  that  is  discharged  after 
high  water  on  an  ebbing  tide  will  be  carried  up  by  the 
flowing  tide  above  the  outfall ;  and  when  neap  tides  ara 
giving  place  to  spring  tides,  the  whole  volume  of  dis-^ 
charged  sewage  is  carried  up  higher  and  higher  above 
the  outfalls  every  day  as  the  spring  tides  increase.  The 
consequence  is  that  at  such  times  the  sewage  may  bcj 
carried  in  the  river  up  to  or  above  the  town  so  discharg- 
ing its  sewage. 

The  effect,  too,  of  the  sea  salts  in  estuary  water  is  to 
cause  a  precipitation  of  organic  matters  and  a  deposit  of 
mud,  whilst  the  o.xidation  and  purification  processes  are 
delayed  by  their  presence. 

To  estimate  the  relative  volumes  of  fresh  water  ane 
sea  water,  in  a  tidal  river,  it  is  necessary  to  determine 
the  quantity  of  chlorine  in  the  tidal  water.  Sea  water 
contains  1975  parts  of  chlorine  per  100,000,  and  the 
quantity  of  clilorine  in  the  fresh  water  may  be  considered 
a  negligible  quantity. 

Examfflt: — If  the  amount  of  chlorine  in  a  tidal  water  is  200  graina 
per  gallon,  in  what  percentages  are  the  fresh  and  sea  water  mixed  ?   I 

200  grains  per  gallon  -  200  x  '°  =  3857  parts  per  too.ooo.  ■ 

7  I 

f  roportion  of  Fea  water  in  100,000  parts  of  tidal  walen 

*      =  1*1.7  I 

100,000      1975  I 

,  -  !??«»j<  a85-7  ^  ,,.^.  ^m 

'975  ^^ 

Thai  i^  to  tay,  in  mn.ocio  parls  of  tidal  water,  14,466  parts  are  sea 
water,  and  P5,534  parts  arc  fresh  water ;  or  sea  water  forms  I4'47  1 
pet  cent.,  and  fresh  water  tl5'53  per  cent.,  of  the  tidal  water.  I 

This  calculation  is  an  important  one  for  sewage  pr&J 
cipitation  works  on  the  banks  of  tidal  waters,  as  when 
the  chlorine  is  relatively  high  in  amount,  and  the  quan- 
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tity  of  land  or  fresh  water  coming  down  is  consequently 
small,  a  larger  quantity  of  chemicals  must  be  used  in 
Order  to  obtain  an  effluent  of  sufficient  purity  to  counter- 
act the  tendency  of  the  excess  of  sea  salts  in  the  tidal 
water  to  precipitate  the  organic  matters  in  the  effluent, 
and  so  cause  a  deposit  of  sewage  mud. 

If  the  volume  of  sewage  discharged  is  relatively  small 
to  the  volume  of  water  in  the  river,  the  sewage  will  in 
time  be  purified ;  but  such  water  can  under  no  circum- 
stances be  a  proper  source  of  supply  for  drinking  water. 
If  the  relative  proportions  of  sewage  and  ri%'er  water  are 
the  same,  the  non-tidal  river  possesses  great  advantages 
over  the  tidal ;  for  the  sewage  is  at  once  carried  away, 
and  cannot  return  above  the  outfall,  whilst  the  purifying 
processes  are  not  hampered  by  the  presence  of  sea  water. 

Under  certain  circumstances  sewage  may  be  dis- 
charged into  the  sea  without  risk  of  nuisance  and 
offence.  If  the  sewage  can  at  at  all  times  be  borne 
away  from  the  shore  out  to  sea,  it  becomes  mixed  with 
an  immense  volume  of  water  and  rendered  harmless. 
The  danger  is,  lest  sewage  should  be  cast  up  by  the  tide 
on  the  foreshore,  or  borne  along  by  currents  the  whole 
length  of  the  sea  front  of  a  town.  To  avoid  such  an 
event,  the  outfall  must  be  chosen  at  such  a  spot  that  the 
sewage,  at  whatever  state  of  the  tide  it  may  be  dis- 
charged, shall  be  carried  by  currents,  where  such  exist, 
straiglit  out  to  sea,  or  at  least  in  a  direction  away  from 
the  town. 

The  outfall  sewer  must  open  below  the  level  of  the 
water  at  all  states  of  the  tide,  and  its  mouth  should  be 
protected  by  a  tidal  valve  to  prevent  sea  water  entering 
it.  The  prevailing  winds  should  also  be  studied,  to  pre- 
vent the  possibility  of  floating  faecal  matters  being  blown 
back  on  to  the  beach.  If  the  town  lies  at  a  low  level,  so 
that  its  sewers  are  tide  locked  for  several  hours  of  each 
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tide,' tanks  must  be  constructed  to  retain  the  sewage 
which  accumulates  at  such  periods  ;  or  a  certain  length 
of  oval  tank  sewer  must  be  built  for  the  same  purpose. 

Tank  sewers,  however,  are  very  generally  productive 
of  nuisance.  The  tide  locked  sewage  st.-ignates  in  them, 
and  a  copious  deposit  of  sediment  takes  place  which 
gives  rise  to  the  formation  of  foul  gases.  In  such  cases 
no  amount  of  ventilation  suffices  to  obviate  the  nuisance. 
It  is  better  to  have  recourse  to  steam  pumping  at  the 
outfall,  or  to  use  Shone's  Pneumatic  Sewage  Ejectors  to 
icliuve  the  sewers  of  their  accumulated  sewage. 

In  Shone's  system  the  motive  power  is  compressed 
air,  which  is  conveyed  from  a  central  station  by  wrought 
iron  pipes  to  the  cylindrical  reservoirs  or  "ejectors," 
which  are  situated  in  chambers  beneath  the  streets  at 
liifferent  parts  of  the  town,  and  receive  the  sewage  from 
the  street  sewers.  When  the  ejectors  are  full,  a  valve  is 
opened,  and  compressed  air  is  admitted  by  means  of  a 
float  acting  on  a  counterpoise  lever,  and  the  sewage  is 
thereby  forced  out  into  a  gravitating  sewer  at  a  higher 
level.  A  ball  valve  in  the  pipe  sewer  entering  the 
"ejector"  prevents  the  sewage  from  being  forced  back- 
wards by  the  compressed  air ;  and  as  the  sewage  is 
discharged  and  its  level  sinks  in  the  "ejector,"  the 
inking  of  the  float  closes  the  valve  of  the  compressed 

'air  tube,  and  a  fresh  chaige  of  sewage  can  then  enter. 
The  great  advantage  of  the  system  is  thai  good  gradients 
can  be  given  to  the  sewers,  for  the  ejectors  are  placed  at 
dcptiis  below  the  surface  of  the  ground  sufficient  to 
permit  of  house  drains  and  street  sewers,  with  which 
they  arc  connected,  iiaving  a  good  fall ;  and  the  sewage 
is  carried  away  and  forced  out  of  the  town  in  a  fresh 
condition.  In  addition,  no  storage  is  required  as  in 
ordinary  pumping,  for  the  rate  of  working  of  the  ejectors 

_vii(ie»  with   the  rate  of  flow  of  the  sewage  into   them, 
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although  the  air  compression  machinery  at  the  central 
station  works  nearly  uniformly.  Shone's  system  is  now 
in  operation  at  several  towns  lying  on  low  flat  ground, 
and  has  been  found  very  beneficial  in  preventing  the 
evils  which  result  from  absenceof  proper  sewer  gradients. 
Liernur's  pneumatic  system  of  sewage  removal  and 
treatment  is  carried  out  at  Amsterdam  and  Trouville. 
It  is  claimed  to  be  especially  applicable  in  towns  where 
the  water  supply  is  limited,  and  where  the  ground  is 
too  flat  to  admit  of  good  sewer  gradients,  There  is  an 
air-tight  system  of  sewers,  the  contents  of  which  are 
frequently  emptied  into  closed  chambers  fixed  in  diflfer- 
cnt  parts  of  the  town,  by  means  of  a  powerful  air  pump 
at  a  central  station.  From  these  chambers  the  sewage  is 
sucked  into  a  steam  concentrator  at  the  central  station, 
and  is  there  heated  to  about  ioo°  C,  after  the  ammonia 
has  been  fixed  by  the  addition  of  sulphuric  acid.  The 
dried  sludge  ("  poudrette ")  finds  a  ready  market  as 
manure.  It  appears  that  the  pipes  tend  to  get  clogged, 
but  otherwise  the  system  works  well. 


The  Purification  and  Utilization  of  Sewage. 

It  can  safely  be  said  that  in  this  country  no  stream 
or  river  should  ever  receive  crude  sewage ;  for  so  nume- 
rous are  the  towns  on  the  banks  of  nearly  every  stream, 
that,  although  the  sewage  of  one  town  might  be  purified 
after  a  certain  run,  it  would  be  quite  impossible  for  any 
stream  to  purify  the  successive  sewage  discharges  from 
every  town  on  its  banks.  As  the  sewage  must  be  puri- 
fied before  discharge,  the  question  arises  whether  it  can 
at  the  same  time  be  utilized,  and  made  to  pay  the  whole 
or  part  of  the  expenses  incurred  in  its  purification.  It 
becomes  necessary,  then,  to  consider  the  amount  and 
value  of  the  manurial  ingredients  contained  in  ordinary 
town  sewage. 
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III  the  first  place  as  to  the  chemical  composition  of 
sewage.  The  Rivers  Pollution  Commissioners  give  as 
the  average  in  water-closeted  towns,  in  100,000  parts, 
72*2  of  total  solid  matters  in  solution,  in  which  there  are 
4'696  parts  of  organic  carbon ;  2"205  of  organic  nitrogen ; 
6703  of  ammonia;  total  combined  nitrogen  7"728 ; 
chlorine  io'66;  and  an  inappreciable  quantity  of  nitro- 
gen as  nitrates  and  nitrites.  In  100,000  parts  there  are, 
besides,  44^69  of  suspended  matters,  of  which  20'5i  are 
organic,  and  24- 18  mineral  matters.  This  is  an  average 
from  a  large  number  of  analyses  ;  but  it  must  be  borne 
in  mind  tliat  the  sewage  of  different  towns  varies  greatly 
jn  character,  and  that  the  sewage  of  the  same  town 
varies  in  strength  from  d.iy  to  day  and  from  hour  to 
hour.  To  obtain  an  exact  knowledge  of  the  average 
strength  of  a  day's  sewage  in  any  town,  samples  must 
be  taken  frequently — at  least  every  hour— and  to  form  a 
sample  for  analysis  they  must  be  mixed  in  such  propor- 
tions as  are  indicated  by  gauging  the  flow  of  sewage  at 
the  time  each  sample  was  taken.  In  this  way  only  can 
the  average  composition  of  the  sewage  be  arrived  at 
with  anything  like  exactitude. 

The  strength  of  the  sewage  depends  on  the  number  of 
water-closets  in  the  town  (proportion  of  water-closets  to 
middens),  the  amount  of  water-supply  per  head  of  the 
population,  the  amount  of  waste  liquors  discharged  into 
the  sewers  from  manufactories,  and,  in  the  case  of  drain 
sewers,  the  amount  of  rain  that  has  fallen,  and  of  sub- 
soil water  that  has  found  its  way  into  them.  During 
the  early  part  of  the  day  (in  dry  weather)  the  sewage 
of  any  town  is  strongest,  and  the  flow  greatest,  whilst  at 
night  the  sewers  may  be  discharging  nothing  but  subsoil 
water. 

The  chief  valuable  ingredients  of  sewage  are  the  dif- 
(etent  fotuis  of  combined  nitrogen,  the  phosphates,  and 
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salts  of  potash.  The  money  value  of  these  constituents 
in  ICO  tons  of  the  sewage  of  the  strength  noted  above 
is  17s.,  the  dissolved  matters  being  worth  15s.,  the  sus- 
pended 2s.  This  gives  a  value  to  the  sewage  of  about 
2d.  per  ton.  \N'e  have  already  seen  that  the  yearly 
excretal  refuse  of  an  individual  of  a  mixed  population 
is  worth  from  65.  8rf.  to  "js.  (see  p,  86),  and  this  refuse, 
if  diluted  witli  water  to  form  40  tons  of  sewage  (an 
average  dilution  of  24  gallons  per  head  per  day),  will 
also  give  a  value  to  the  sewage  of  2d.  per  ton.  This 
dilution  is  about  that  of  the  London  sewage  during  dry 
weather.  It  may  further  be  staled  that  855  tons  of  the 
sewage  of  the  composition  given  by  the  Rivers  Pollution 
Commissioners  contain  i  ton  of  solid  matters  (in  solu- 
tion and  in  suspension),  estimated  to  be  worth  £"]  5s  ,\d. 
From  such  data  as  these  calculations  might  be  made  of 
the  total  yearly  value  of  the  sewage  of  any  town.  But 
such  theoretical  calculations  may  be  very  far  from  repre- 
senting the  real  practical  value. 

The  composition  of  sewage  from  midden  towns  (see 
p.  87)  does  not  differ  very  materially  from  that  of  water- 
closeted  towns.  The  Rivers  Pollution  Commissioners 
gave  as  the  average  composition  of  midden  town  sewage 
in  100,000  parts  :  Total  solids  in  solution  82*4  ;  organic 
carbon  4'i8i  ;  organic  nitrogen  i •975  ;  ammonia  5'435  ; 
nitrogen  as  nitrates  o;  total  combined  nitrogen  6-451  ; 
chlorine  11 '54;  total  solids  in  suspension  39"ii,  of  which 
21  30  are  organic  matters,  and  17-81  mineral  matters. 


Subsidetut,  Straining,  and  Precipitation. 

I5y  allowing  sewage  to  settle  in  tanks,  a  portion  of  the 
suspended  matters  subsides  to  the  bottom,  and  a  more 
or  less  clarified  liquid  can  be  decanted  from  the  top. 
liy  straining  crude  sewage   through  beds  of  ashes  or 
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charcoal,  the  suspended  matters  are  removed  ;  but  the 
filters  speedily  become  clogged,  and  require  frequent 
renewal  at  great  expense. 

Certain  chemical  substances,  when  mixed  with  sewage 
prior  to  its  entering  settling  tanks,  cause  a  more  rapid 
and  copious  precipitation  of  the  suspended  matters  than 
can  be  effected  by  subsidence  alone.  The  number  of 
chemicals  tliat  have  been  used  or  advocated  for  this 
purpose  is  enormous,  as  may  be  seen  on  inspection  of 
the  specifications  of  patents  taken  out  to  protect  the 
inventors  of  such  processes.  Only  three  substances  are 
now  in  common  use  as  chemical  precipitation  agents, 
the  others  having  either  proved  worthless  or  too  expen- 
sive for  general  use.  Lime — as  lime  water  or  milk  of 
lime — sulphate  of  alumina,  and  protosulphate  of  iron, 
are  the  substances  now  most  commonly  used  as  pre- 
cipitation agents,  either  singly  or  in  combination. 

The  precipitating  effect  of  lime  on  sewage  is  due 
partly  to  its  combination  with  carbonic  acid,  forming 
an  insoluble  carbonate  of  lime,  and  partly  to  its  com- 
bination with  some  of  the  organic  bases  of  sewage. 
These  substances  subside,  carrying  with  them  most  of 
the  suspended  matters  in  the  sewage,  and  sink  to  the 
bottom  of  the  tank,  forming  the  sludge ;  whilst  a  more 
or  less  clear  liquid,  the  effluent,  remains  above.  If 
too  much  lime  is  added,  the  sludge  and  effluent,  being 
strongly  alkaline,  tend  soon  to  undergo  decomposition. 
The  proportion  of  lime  most  usually  added  to  sewage 
of  average  strength  is  15  grains  to  the  gallon  of  sewage 
for  milk  of  lime  (lime  slaked  with  water),  and  from  5  to 
10  grains  to  the  gallon  for  lime  water  (lime  dissolved  in 
water). 

The  precipitating  effect  of  sulphate  of  alumina  on 
sewage  is  due  to  combination  of  the  sulphuric  acid  with 
lime  and  other  bases  in  the  sewage,  whilst  the  alumina 
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hydrate  is  precipitated  in  a  flocculent  condition,  en- 
tangling and  carrying  down  in  its  course  most  of  the 
suspended  organic  matters.  The  crude  sulphate  of 
alumina  used  as  a  precipitant  is  acid,  and  reduces  some- 
what the  alkalinity  of  the  lime  which  is  employed  along 
with  it.  Many  authorities  recommend  the  use  of  lime 
with  sulphate  of  alumina  for  precipitating  sewage.  For 
treating  sewage  of  medium  strength  the  quantities  need 
not  exceed  5  grains  of  lime  and  5  grains  of  sulphate  of 
alumina  per  gallon  of  sewage. 

When  protosulphate  of  iron  is  added  to  alkaline 
sewage  or  to  sewage  which  has  been  already  treated 
with  lime,  a  highly  flocculent  hydrated  protoxide  of 
iron  is  formed,  which  falls  to  the  bottom  of  the  tank, 
carrying  suspended  organic  matters  with  it.  The  iron 
salt  is  also  a  powerful  antiseptic,  checking  further  putre- 
faction of  the  sludge  and  efRuent,  when  used  in  suffi- 
cient quantity.  But  its  use  is  attended  with  the 
disadvantage  that  the  mud  banks  of  the  stream,  into 
which  the  effluent  is  discharged,  are  blackened  by  the 
formation  of  sulphide  of  iron — a  somewhat  sentimental 
disadvantage,  but  a  very  real  one.  When  used  with 
lime,  protosulphate  of  iron  should  be  added  in  the  pro- 
portion of  from  2  to  5  grains  per  gallon  of  sewage.  The 
London  sewage  is  thus  treated,  the  lime  and  iron  being 
added  in  the  proportion  of  5  and  2  grains  to  the  gallon 
of  sewage  respectively. 

The  combination  of  iron  with  alumina  is  also  effective 
as  a  precipitating  agent,  and  both  enter  into  the  com- 
position of  the  two  well-known  sewage  precipitants — 
Ferrozone  and  Alumino-ferric. 

These  three  precipitating  agents — lime,  sulphate  of 
alumina,  and  protosulphate  of  iron — cause  a  more  or 
less  complete  deposition  of  the  suspended  matters  in 
sewage,  and  thereby  remove   the  grosser  sewage  odour 
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from  tlie  effluent ;  but  they  have  very  little,  if  any, 
effect  in  removing  from  the  sewage  the  organic  matters 
in  solution.  Sulphate  of  alumina  is  said  to  have  the 
effect  of  removing  5  per  cent,  of  the  dissolved  organic 
matters  of  sewage,  but  lime  and  iron  remove  practically 
none.  It  follows,  then,  that  the  matters  precipitated 
from  sewage,  which  form  tlie  sludge  at  the  bottom  of 
the  tanks,  arc  comparatively  worthless,  whilst  the  bulk 
of  the  valuable  manurial  ingredients  remains  in  the 
effluent. 

To  insure  the  most  complete  clarification  of  the 
sewage  liquid  by  chemical  precipitants,  the  following 
conditions  must  be  satisfied : — The  sewage  must  l»c 
fresh  and  undecomposed,  and  the  larger  solid  bodies 
should  be  strained  from  it  before  the  admixture  of  the 
chemical  precipitants.  The  chemicals  must  be  added 
to  the  sewage  immediately  before  it  arrives  at  the  tanks, 
and  must  be  well  stirred  and  mixed  up  with  it  by  means 
of  rotatory  beaters.  There  must  be  sufficient  tank 
accommodation.  The  tanks  are  often  arranged  in 
scries,  so  that  the  sewage  may  pass  slowly  but  continu- 
ously through  two,  three,  or  four  tanks  before  the 
effluent  escapes  into  the  effluent  channel,  which  should 
be  of  considerable  length  and  kept  scrupulously  clean. 
The  tanks  must  be  at  least  4  feet  deep,  and  the  effluent 
passing  out  sliould  flow  over  a  weir  not  more  than 
J  inch  below  the  surface  into  the  next  tank  of  the  scries, 
or  into  the  effluent  channel.  After  a  certain  period  of 
continuous  working,  the  flow  of  sewage  through  the 
scries  must  be  discontinued,  and  the  sludge  allowed  to 
settle,  the  clear  liquid  above  being  drawn  off  through 
float  valves  into  the  effluent  channel.  There  should  be 
a  double  set  of  tanks,  in  order  that  the  treatment  of  the 
sewage  may  continue,  whilst  the  sludge  is  being  re- 
moved.   The  sludge  must  be  frequently  removed  or  it 
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will  putrefy,  and  black  masses  will  be  disengaged, 
which,  rising  to  the  surface,  give  off  foul  gases.  The 
tanks,  when  emptied,  must  be  thoroughly  cleansed 
before  being  refilled. 

The  form  of  precipitation  tank  with  a  conical  bottom 
(the  Dortmund  tank)  has  the  advantage  over  the  old- 
fashioned  flat-bottomed  tank  in  so  far  that  it  permits 
the  sludge,  which  falls  to  the  ape.x  of  the  cone,  to  be 
removed  witiiout  first  drawing  off  the  supernatant 
effluent. 

Occasionally  substances  which  act  as  deodorants  or 
antiseptics  are  added  to  the  sewage  as  well  as  the 
chemical  precipitants.  Amongst  these  we  may  mention 
black  ash  waste  (Hanson's  process),  used  in  conjunction 
with  lime.  Black  ash  waste  is  prepared  from  the 
refuse  of  alkali  works,  and  contains  hyposulphites  and 
sulphites  of  lime,  which  are  powerful  reducing  or 
deoxidising  agents.  Black  ash  waste  has  considerable 
deodorant  and  antiseptic  properties,  and  has  proved  of 
service  in  mitigating  the  pollution  of  the  river  Lea — 
the  sewage  of  both  Tottenham  and  Leyton  being  now 
treated  by  Hanson's  process.  The  adtiition  of  man- 
ganate  of  soda  and  sulphuric  acid  to  chemically  trc.-ited 
sewage  has  been  recommended  by  Mr.  Dibdin  in  order 
to  promote  oxidation. 

Another  deodorizing  method  is  that  known  as  the 
Amines  process.  The  sewage  is  treated  with  milk  of 
lime  and  with  a  small  quantity  of  herring  brine,  which 
contains  a  certain  percentage  of  the  compound  ammonia 
termed  methylaniine.  This  substance  acts  as  a  deo- 
dorant an<i  antiseptic,  and  is  said  to  completely  sterilize 
the  effluent,  so  that  it  undergoes  no  secondary  fermenta- 
tion ;  whilst  the  sludge  is  so  far  deodorized  that  it  can 
be  dried 


pits 


Kposec: 


drying  kiln,  without  giving  rise  to  noxious  effluvia.     It 
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is  now  generally  recognised  that  the  use  of  deodorants, 
as  auxiliaries  to  precipitation  processes,  is  advantageous 
if  they  do  not  interfere  with  the  natural  agencies  of 
purification.  Black  ash  waste  and  herring  brine  appear 
to  comply  with  these  conditions. 

In  the  Hermite  system  sewage  is  treated  with  par- 
tially eleclrolyzed  sea  water.  The  electric  current, 
generated  by  a  dynamo,  which  is  driven  by  a  steam- 
engine,  is  passed  through  the  sea  water  contained  in  a 
galvanized  iron  tank,  between  electrodes  of  zinc  and 
platinum.  In  doing  so,  magnesium  chloride  is  probably 
decomposed,  forming  a  disinfecting  fluid  of  a  strength 
equal  to  075  gram  of  chlorine  per  litre.  The  active 
principle  of  the  fluid  may  be  an  oxygenated  compound 
of  chlorine,  hypochlorous  acid,  or  hypochlorite  of  mag- 
nesia. Dr.  Kelly  says  the  solution  has  the  smell  of  a 
weak  solution  of  bleaching  powder,  and  the  strength  of 
the  solution  is  from  fifty  to  sixty  times  weaker  than  a 
saturated  solution  of  good  bleaching  powder.  It  con- 
tains no  free  chlorine.  It  is  claimed  for  the  process  by 
its  inventor  that  the  solution  produces  an  instantaneous 
decomposition  of  fa;cal  matter  in  sewage,  and  effectually 
sterilizes  the  sewage,  but  the  experiments  conducted  at 
Worthing  do  not  bear  out  these  assertions.  A  solution 
of  bleaching  powder  in  water  would  probably  be  equally 
effectual,  and  much  cheaper. 

In  the  ABC  process  now  carried  on  at  Aylesbury 
and  at  Kingston-on-Thames  by  the  Native  Guano  Com- 
pany, alum,  blood,  clay,  and  animal  and  vegetable 
charcoal  are  added  to  the  sewage.  The  blood  is  said 
to  act  as  a  refiner,  but  in  the  small  quantity  used  its 
action  is  probably  nil ;  the  clay  acts  as  a  weighting 
material,  carrying  down  the  precipitated  matters;  whilst 
the  charcoal  acts  to  a  certain  extent  as  a  deodorant.  A 
highly  clarified  effluent  is  produced  by  this  process  00  a 
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smalt  area  of  ground,  and  the  dried  sludge  ("poudrette" 
or  "native  guano")  is  said  to  find  a  ready  market  at 
£1  a  ton. 

The  suspended  matters,  or  sludge,  of  sewage  being 
deposited  at  the  bottom  of  the  settling  tanks,  the  ques- 
tions arise : — Wliat  is  to  he  done  with  the  clarified 
effluent  ?  and.  How  is  the  sludge  to  be  got  rid  of  ?  No 
nuisance  will  result  if  the  effluent  is  discharged  into  a 
quickly  running  stream  or  river,  whose  volume  is  at 
least  ten  times  greater  than  that  of  the  effluent,  and 
which  is  not  used  below  the  point  of  discharge  as  a 
source  of  supply  of  drinking  water.  The  danger  is  lest, 
during  drought  in  summer,  the  volume  of  fresh  water 
might  considerably  diminish ;  and  then,  the  efllucnt 
sewage  not  being  sufficiently  diluted,  would  putrefy  and 
become  turbid,  forming  foul  deposits  in  the  bed  of  the 
stream,  and  giving  rise  to  offensive  exhalations.  This 
would  be  especially  likely  to  happen  if,  at  the  same 
time,  the  temperature  of  the  air  was  high.  By  this 
method,  too,  ail  the  valuable  manurial  ingredients  of 
sewage  run  to  waste.  The  only  satisfactory  mode 
of  purifying  the  effluent  sewage  is  to  carry  it  over 
land  by  irrigation,  or  through  specially  constructed 
lilterbeds. 

Where  it  is  not  possible  to  obtain  land  for  this  pur- 
pose, the  partial  purification  of  the  effluent  from  the 
tanks  may  be  effected  by  passing  through  specially 
constructed  filters,  consisting  of  burnt  ballast,  coke, 
coke  breeze,  coal,  gravel,  or  fine  sand  laid  upon  magnetic 
oxide  and  carbide  of  iron  (polarite).  The  nitrifying 
organisms  in  the  pores  of  the  filter  exert  a  powerful 
oxidizing  effect  on  the  organic  matters  dissolved  m  the 
effluent,  by  which  these  are  converted  into  nitrates  and 
nitrites,  &c.  The  slower  the  filtration,  i.e.,  the  longer 
the   effluent    liquid    is   in    contact    with    the    particles 
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composing  the  filter  bed,  the  greater  is  the  purihcation. 
The  filtration  must  be  intermittent  to  allow  of  aeratioa 
of  the  filter. 

The  sludge  left  at  the  bottom  of  the  tanks  is  generally 
conducted  into  a  well,  and  tlicnce  pumped  out  in  a 
semi-liquid  condition.  It  contains  from  90  to  95  per 
cent,  of  water.  It  may  be  got  rid  of  by  allowing  it  to 
flow,  or  forcing  it  up,  in  this  liquid  condition,  along 
raised  carriers  on  to  land,  into  which  it  is  subsetiuenlly 
dug,  thereby  eventually  becoming  incorporated  with  the 
soil.  This  is  the  method  pursued  at  Birmingham,  the 
sewage  being  treated  with  lime,  and  the  effluent  from 
the  tanks  being  purified  by  irrigation  over  the  soil  of  the 
sewage  farm.  If  the  senii-licjuid  sludge  is  allowed  to 
dry  by  exposure  to  the  air  in  pits,  it  invariably  causes  a 
nuisance,  so  that  it  is  the  usual  practice  to  press  part 
of  the  moisture  out  of  the  sludge  by  hydraulic  filter 
presses,  by  which  a  solid  cake,  containing  from  50  to  60 
per  cent,  of  moisture,  is  produced.  The  pressed  sludge 
can  be  stored  up  without  causing  any  nuisance,  and  sold 
or  given  away  according  to  the  demand  for  such  sewage 
manure.  It  may  be  further  dried  by  heating  in  drying 
machines,  and  then  ground  into  a  granular  condition, 
containing  from  20  to  30  per  cent,  of  moisture.  In  this 
condition  the  manure  is  far  more  suitable  for  application 
to  land  than  in  the  form  of  the  coherent  masses  which 
issue  from  the  filter  presses. 

To  calculate  the  weight  of  sludge  cake  formed  from  a 
given  quantity  of  sludge  taken  from  the  tanks,  Professor 
Robinson  has  devised  the  following  formula  : — 


I 


I 


Let  W  1  weight  of  kludge  rrom  the  tanks. 
„     P  "  pcrcenla||;e  of  moisture  remaining  in  the  pressed  dudge. 
..     X  »  weight  of  iludiEc  cake. 
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The  average  composition  of  pressed  sludge  cake  from 
the  Metropolitan  sewage  Mr.  Dibdin  states  to  be : — 
Moisture,  58  per  cent. ;  organic  matter,  i6"7  per  cent. ; 
mineral  matter,  25-25  per  cent.  ;  ammonia  i  per  cent. ; 
phosphate  of  lime,  1-44  per  cent.  The  value  of  a  ton  of 
this  sludge  cake,  calculating  ammonia  as  worth  -jd.  per 
pound,  is  about  175.  This  value  corresponds  with  that 
obtained  by  calculating  the  suspended  matters  in  100 
tons  of  sewage  as  being  worth  2s,  For  the  suspended 
matters  from  about  850  tons  of  sewage  will  be  required 
to  produce  a  ton  of  sludge  cake  containing  50  to  60  per 
cent,  of  moisture.  This  is  the  theoretical  value ;  the 
price  obtained  from  the  sale  of  this  sludge  cake  varies  in 
different  towns ;  in  some  there  is  no  demand  for  it,  and 
it  is  cither  burnt  in  a  destructor  furnace,  used  for  raising 
low-lying  grounds,  or  even  a  small  premium  is  paid  to 
farmers  for  removing  it. 

CnUulation. — Stale  approximately  the  amount  of  moist  sludge 
containing  90  per  cent,  of  moisture  that  can  be  precipitated  daily 
from  the  sewage  of  a  population  of  10,000,  with  a  water-supply  of 
20  gallons  per  head  per  day. 

The  sewage  may  be  taken  as  equivalent  to  the  water-supply,  viz., 
20  X  10,000  =  200,000  gallons  per  day ;  or  10  X  200,000  lb.  by 
2,000,000 


weight    = 


=  892-86  tons.     We  will  suppose  that  in  every 


2,240 

ioo.ooo  parts  of  the  sewage  40  parts  of  suspended  matter  can   be 
precipitated  by  chemical  reagents.     Then  the  dry  solids  precipitated 

40 


from   the   sewage    amount   to 


X   892-86  tons  =  0-357  '(>"> 


100,000 

and  the  moist  sludge  containing  go  per  cent,  of  moisture  will  be 
10  X  0-357  =  3  "57  '°"*- 


The  Biological  Purification  of  Sewage. 


!The  chief  natural  agencies  concerned  in  the  purifica- 
tion of  organic  matter  are  micro-organisms.  It  is  almost 
entirely  due  to  these  beneficent  organisms  VicvaV  o\%,^xi\t 


* 


I 


HYGIENE  AND  PUBLIC  HEALTH 


matter — whether  it  be  faeces  deposited  on  the  surface  of 
soil,  or  an  animal  body  buried  witliin  it — eventually 
becomes  resolved  into  invisible  and  harmless  gases  and 
mineral  ash.  Sterilized  organic  matter  remains  unde- 
composed  for  indefinite  periods. 

Ever  since  cesspools  were  employed  for  the  reception 
of  the  sewage  of  a  house,  it  has  been  noted  that  the 
material  which  is  periodically  emptied  out  of  the  cess- 
pool, or  which  overflows  from  it,  is  a  liquid  containing 
very  little  solid  matter  suspended  in  it.  The  ccssjkkjI 
must  be  almost  entirely  emptied  before  a  perceptible 
deposit  of  solid  matter  is  encountered.  How  is  it  that 
a  comparatively  small  cesspool,  with  an  overflow  dis- 
charging nothing  but  liquid  material  for  a  year  or  more, 
does  not  become  filled  with  the  large  amount  of  solid 
faical  matter  daily  entering  it  ?  The  answer  is  that 
micro-organisms  in  countless  myriads  are  constantly 
feeding  upon  this  solid  matter,  causing  its  liquefaction 
into  products  which  ultimately  become  dissolved  in  the 
liquid  part  of  the  sewage.  The  organisms  which  effect 
this  change  are  of  many  forms,  and  may  be  broadly 
classified  into  three  groups. 

1.  Those  which  work  in  the  absence  of  oxygen 
(anaerobes). 

2.  Those  which  work  in  the  presence  of  oxygen 
(aerobes). 

3.  Those  which  are  capable  of  working  either  in  the 
presence  or  absence  of  oxygen  (facultative  aerobes). 

Our  knowledge  of  the  last  named  group  is  not  sufficient 
to  enable  us  to  speak  with  certainty  as  to  the  part  they 
play  in  sewage  purification,  but  it  is  certain  that  both  the 
aerobes  and  anaerobes  are  concerned  in  the  final  resolu- 
tion of  organic  matter.  With  regard  to  these  two  classes 
of  organisms,  there  are  reasons  for  believing  that  the 
anaerobes  are  the  most  efficacious  in  causing  the  lique* 
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faction  of  the  solid  matter  contained  in  the  sewage  of 
cesspools.  Prior  to  attack  by  these  liquefying  organ- 
isms, the  solid  organic  matter  is  in  a  more  or  less  stable 
condition ;  but  as  the  result  of  their  life  action  the  com- 
plex organic  molecule  is  split  up  into  by-products, 
which  are  largely  soluble  and  unstable,  and  considerable 
quantities  of  gases  (CH^,  NHj,  CO,,  and  SH,)  are 
evolved. 

Th\s  first  stage  of  purification  is  closely  analogous  to  the 
process  of  gastric  digestion,  whereby  the  organic  matter 
is  split  up  and  liquefied,  the  gelatinous  and  albuminoid 
material  undergoing  a  peptonizing  process,  and  the  non- 
nitrogenous  substances  being  reduced,  and  finally  con- 
verted into  COj  and  H,0.  As  in  digestion,  also,  the 
element  of  time  is  essential.  The  organisms  must  not, 
therefore,  be  overfed,  or  asked  to  do  their  work  in  too 
short  a  time,  or  their  activity  will  be  checked. 

The  second  stage  of  purification  is  doubtless  largely  per- 
formed by  the  aerobes,  and,  in  consequence,  every  effort 
should  be  made  to  set  them  their  work  under  conditions 
favouring  an  abundant  supply  of  available  oxygen.  The 
more  or  less  stable  solid  organic  matters  having  been 
broken  up,  rendered  less  stable,  and  thrown  into  solu- 
tion in  the  first  stage,  are  in  the  second  stage  converted 
into  the  ultimate  products  CO,,  NHj,  H,0,  and  traces 
of  SH, ;  nothing  ultimately  remaining  but  a  trivial 
quantity  of  mineral  matter,  rich  in  nitrates,  chlorides, 
and  sulphates. 

Now,  it  is  only  very  recently  that  anyone  has  proposed 
to  utilize  these  natural  agencies  of  purification  in  the 
disposal  of  sewage  in  bulk,  but  we  have  already  arrived 
at  such  a  stage  of  knowledge  that  it  may  safely  be 
claimed  that  success  is  assured.  The  Royal  Commission 
on  Sewage  Disposal,  appointed  in  1898,  has  recently 
issued  an  Interim  Report,     la  this  Report  they  state 
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that  "  It  is  practicable  to  produce  by  artificial  processes 
alone,  as  opposed  to  land  treatment,  either  from  sewage 
or  from  certain  mixtures  of  sewage  and  trade  refuse, 
effluents  which  will  not  putrefy,  which  would  be  classed 
as  good  according  to  ordinary  chemical  standards,  and 
which  might  he  discharged  into  a  stream  without  fear  of 
creating  a  nuisance."  The  advantages  to  be  gained 
over  the  older,  or  what  may  be  termed  the  cheniico- 
biolog^cal  method  (in  wliich  the  sewage  solids  are  first 
precipitated  by  chemicals,  the  comparatively  clear  efflu- 
ent being  then  exposed  to  biological  agencies  in  filter  beds 
or  in  land)  arc  obvious. 

The  almost  useless  sludge  which  resulted  from  the 
chemical  treatment,  the  collection  and  ultimate  disposal 
of  which  entails  considerable  labour  and  expense,  is 
almost  entirely  done  away  with,  and  the  cost  of  the 
chemicals  and  of  their  application  is  also  saved.  But 
the  greatest  gain  is  doubtless  in  the  direction  of  greater 
efficiency  of  treatment,  which  results  in  a  purer  and 
sweeter  effluent — one  more  readily  susceptible  to  the 
agencies  of  ultimate  purification,  and  more  valuable  to 
vegetable  life  and  less  harmful  to  animal  life. 

We  may  now  review  the  various  means  which  have 
been  adopted  for  utilizing  these  natural  agencies  in 
sewage  purification.  The  first  practical  attempt  to  solve 
the  problem  was  commenced  by  the  Massachusetts 
board  of  Health  in  1888.  The  extensive  experiments 
since  made  by  that  Board  have  established  the  fact  that 
intermittent  downward  filtration  through  prepared  filters 
of  suitable  material  will,  by  reproducing  the  most 
favourable  conditions  of  land  filtration,  achieve  all  the 
good  results  of  the  latter  on  a  much  smaller  area.  The 
experiment  showed  that  the  beds  need  not  be  of  a 
greater  depth  than  4  to  5  feet,  in  order  to  treat  satis- 
factorily i(X>,uoo  gallons  of  sewage  to  the  supexticial 
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acre  per  diem.  In  such  beds,  after  a  week  or  two  of 
sewage  treatment,  the  particles  of  filtering  material 
become  covered  with  thin  films  {"  colonies  ")  of  micro- 
organisms. 

Mr.  Scott-Moncrieff  was  the  first  (1891)  to  suggest  a 
mode  of  treatment  whereby  the  preliminary  liquefaction 
of    solid    matters   was    brought    about   in   a   separate 
apparatus,  and  the  purification  of  the  matter  in  solution 
was  subse(}uently  effected.     This  mode  of  treatment  of 
I        sewage  by  separating  the  stages  of  its  purification  is 
doubtless    advantageous,    seeing    that    the    classes    of 
I        organisms  concerned  in  the  preliminary  liquefaction  are 
distinct  from  those  concerned  in  the  subsequent  purifi- 
^_.  cation,  and  each  class  exerts  its  powers  most  effectually 
^■when  kept  apart  from  the  other.     There  is,  moreover, 
t       evidence  that  the  second  stage  of  purification  itself,  com- 
prises many  subsidiary  stages,  and  that  special  classes  of 
organisms  are  concerned  in  these  several  stages. 

Almost  all  the  installations  at  present  in  use  embody 
the  principle  of  dividing,  to  a  greater  or  less  degree,  the 
whole  process  of  sewage  purification  by  Nature's  means 
into  these  two  stages ;  Stage  I.  providing  essentially  for 
liquefaction  of  solids,  and  Stage  II.  for  subsequent  puri- 
fication of  the  unstable  and  liquid  products  of  Stage  I. 

kThe  installation  adopted  by  Mr.  Scott-Moncrieff  con- 
sists of  two  or  more  open  tanks  filled  with  large  stones 
(•*  cultivation  tanks.")  The  sewage  is  allowed  to  flow 
slowly  and  continuously  into  the  false  bottom  of  the 
tanks  and  to  escajje  at  the  top.  In  its  upward  passage 
over  the  stones  the  solid  matters  of  the  sewage  are  re- 
tained, and  the  stones  become  coated  with  anaerobic 
liquefying  organisms  deposited  from  the  sewage.  Under 
■  the  influence  of  these  organisms  the  solids  of  the  sewage 
'become  liquefied  to  such  an  extent  that  the  effluent 
escaping  from  the  top  of  the  tank  contains  practically 
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no  suspended  matter  at  all.  In  Stage  II.  of  purification 
the  aim  is  to  bring  the  sewage  under  th.e  most  favour- 
able aerobic  conditions  obtainable.  To  this  end  the 
tank  effluent  is  conducted  into  a  series  of  channels 
("  nitrification  channels  ")  freely  exposed  to  the  air  and 
filled  with  large  stones,  which  serve  the  double  purpose 
of  breaking  up  the  current  of  liquid  and  thereby  helping 
to  thoroughly  aerate  it,  and  also  of  affording  surfaces 
on  which  the  aerobic  organisms  can  plant  themselves  in 
great  numbers. 

More  recently  Mr.  Scott- Moncrieff  has  designed  means 
of  securing  an  even  more  complete  aeration  of  the  efflu- 
ent from  the  tank,  by  the  use  of  a  series  of  trays  con- 
taining filtering  media,  placed  at  intervals  of  a  few 
inches  one  above  another,  so  that  the  liquefied  sewage 
delivered  over  the  surface  of  the  top  tray  is  slowly 
sprinkled  down  in  a  descending  series  from  tray  to  tray 
to  the  ultimate  out-fall  in  the  effluent  collecting  channel. 

He  also  advocates,  where  possible,  the  addition  to 
the  effluent  from  the  trays  of  a  certain  volume  of  well- 
oxygenated  water. 

Kenwood  and  Butler  found  from  an  extensive  series 
of  experiments  performed  upon  an  installation  of  a 
modified  Scott-MoncriefT  tank  at  p-inchley,  that  there 
was  a  continuous  reduction  of  the  more  stable  organic 
matter  to  unstable  organic  compounds,  and  subse- 
quently of  these  unstable  compounds  to  the  ultimate 
products  of  anaerobic  organic  decomposition. 

A  microscopical  examination  of  the  retained  matter 
disclosed  the  presence  of  an  abundant  fine  granular 
debris  which  was  rich  in  iron,  particles  of  silica  and 
carbon,  algoid  growths  (some  with  chlorophyll  and 
others  without),  a  few  live  protozoa  (rotifers  mainly), 
vegetable  hairs,  bundles  of  vegetable  fibres,  large  num- 
bers of  vegetable  spiral   vessels,  zoogloca,  an  ovum  of 
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t£Enia,  a  few  striated  muscle  fibres,  cotton  fibres,  and 
human  hairs. 

By  reproducing  the  conditions  of  a  septic  tank,  or 
hollow  chamber,  on  a  small  scale,  they  found  that  the 
same  changes  which  occurred  in  Scott- MoncriefTs  filter 
tank  took  place  in  a  hollow  septic  tank,  only  more 
slowly  and  with  somewhat  less  tendency  to  continu- 
ously progressive  purification. 

When  sewage  is  allowed  to  flow  slowly  through  an 
open  tank  a  thick  spongy  scum  gradually  covers  the 
surface.  The  effluents  furnished  by  similiar  sewages 
from  a  scum  tank  and  a  closed  septic  tank  are  very 
similar  to  each  other.  The  scum  provides  a  cheap  roof 
which  preserves  the  heat  in  the  sewage  and  thereby 
promotes  bacteriolysis.  One  may  broadly  summarise 
the  advantages  of  tanks  as  follows  : — They  promote 
uniformity  of  effluent ;  they  permit  of  the  digestion  of 
from  30  to  40  per  cent,  of  the  solids,  while  the  sus- 
pended solids  in  the  effluent  rarely  exceed  10  to  15  parts 
per  100,000;  the  stability  of  most  of  the  organic  solids 
is  rapidly  reduced  by  a  short  sojourn  in  a  tank,  and 
subsetiuent  purification  thereby  much  facihtated. 

Extensive  experiments  by  Mr.  Dibdin  from  1891  to 
1895  with  the  Metropolitan  sewage  led  to  his  advocacy 
of  what  is  known  as  the  Sutton  system  of  biological 
purification.  The  sewage  is  first  strained  of  large  par- 
ticles by  means  of  fine  metal  strainers  introduced  at  the 
sewer  outfall,  where  the  sewage  enters  the  works  ;  it  is 
then  exposed  to  downward  filtration  through  coarse  beds 
It  is  in  these  coarse  beds  that  liquefaction  should  take 
place.  They  are  4  feet  deep,  and  made  of  coarse  burnt 
ballast  of  particles  of  such  a  size  that  they  will  pass 
through  a  2-inch  ring,  but  are  rejected  by  a  ^-inch  mesh ; 
the  object  of  using  such  coarse  material  being  to  admit 
the  solid  particles  of  crude  sewage  into  the  body  of  the 
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bed,  and  also  to  favour  thorough  aeration  when  the 
liquid  sewage  is  drawn  off.  The  coarse  material,  more- 
over, does  not  get  so  readily  clogged.  The  effluent  from 
the  coarse  bed  is  then  conveyed  on  to  the  surface  of  a 
fine  filter  4  feet  deep,  constructed  of  particles  which  will 
pass  a  J-inch  mesh,  but  which  are  rejected  by  one  of 
^  inch. 

The  sewage  is  allowed  to  fill  the  beds  almost  to  their 
top  surfaces,  and  then  to  rest  in  them  for  a  period  of  two 
hours  (hence  they  are  known  as  contact  beds),  when  the 
l>cds  are  slowly  emptied  and  allowed  to  remain  at  rest 
for  several  hours,  so  that  several  of  such  filters  are 
necessary  in  even  a  small  installation.  Each  filter  l>ed 
is  filled  up  thrice  daily.  This  intermittent  application 
of  the  sewage  insures  also  a  certain  amount  of  aeration 
of  the  beds.  One  drawback  to  the  use  of  the  coarse  or 
"  roughing  "  filter  is  the  fact  that  the  upper  stratum  of 
the  filtering  material  becomes  clogged  at  intervals  with 
a  black  deposit  of  solid  matter.  The  surface  of  such 
filters,  therefore,  requires  occasional  raking  or  ploughing. 

The  practice  of  applying  the  crude  sewage  by  a  single 
carrier  to  a  coarse  continuous  contact  bed  must  have  the 
effect  of  overtaxing  the  bed  on  either  side  of  the  trough, 
for  the  material  there  will  collect  more  than  its  share  of 
suspended  matter  whilst  the  bed  is  filling ;  such  a 
filter,  therefore,  is  not  given  the  best  clu»nce  of  carrying 
on  its  work. 

The  "  septic  tank "'  method  was  devised  by  Mr. 
Cameron  of  Exeter  at  about  the  same  time  that  Mr. 
Dibdin's  exj>eriments  were  in  progress. 

The  method,  like  that  of  Mr.  Scott -MoncriefT,  pro- 
vides for  a  well-defined  line  of  demarcation  between 
the  stages  of  liquefaction  and  of  subsequent  purification. 
Provision  is  made  for  liquefaction  under  strictly  anaero- 
bic conditions  in  a   large  covered  receptacle  provided 
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with  an  inlet  for  the  sewage  and  an  outlet  for  the  tank 
effluent.  The  sewage  travels  so  slowly  through  the 
tank  that  every  particle  takes  some  twenty-four  hours 
in  passing  through  it.  This  period  of  time  is  sufficient 
for  so  complete  a  sedimentation  and  liquefaction  of 
solids  to  be  effected  that  the  tank  cfBuent  contains  hut 
a  few  grains  per  gallon  of  fine  suspended  matter.  The 
black  deposit  which  settles  in  the  bottom  of  the  tank 
was  found  after  fifteen  months'  working  to  be  under 
2  feet  in  depth.  This  deposit  consists  of  indigestible 
material,  and  includes  mineral  matter,  cellulose,  vege- 
table and  elastic  fibres,  cartilage  cells,  &c.  The  gases 
given  off  from  the  tank  are  not  offensive,  but  are  highly 
inflammable.  The  mixture  of  gases  contains  (Rideal) 
CO,  =  o'6,  methane  =  24-4,  hydrogen  =  36'4,  nitrogen  = 
38'6,  in  100  parts. 

The  second  stage  of  purification  is  effected  by  passing 
the  dark  coloured  tank  efHuent  through  an  "aerator" — 
a  long  trough  over  the  edges  of  which  the  liquid  falls  in 
thin  films,  thereby  mechanically  entangling  a  certain 
quantity  of  air ;  and  from  thence  on  to  a  series  of  coke 
breeze  filters  4^  feet  deep.  These  filters  are  filled,  rested 
while  full,  slowly  emptied,  and  rested  for  many  hours 
while  empty  in  the  manner  advocated  by  Mr.  Dibdin. 
The  effluent  from  the  tank  is  applied  to  the  filters  in 
rotation  by  an  ingenious  automatic  arrangement  which 
removes  the  necessity  for  continuous  manual  attention. 
The  practice  at  Exeter  leads  to  about  six  hours  being 
consumed  in  the  filling  of  each  filter,  which  then  remains 
full  for  six  hours;  the  filter  is  then  emptied  in  half  an 
hour,  and  is  allowed  to  remain  at  rest  for  the  remainder 
of  the  twenty-four  hours  (i.e.,  eleven  and  a  half  hours). 
A  fifth  filter  is  kept  in  reserve,  so  that  each  filter  gets 
a  week's  rest  every  month.  The  process  has  dealt 
eiiicientiy  with  the  sewage  of  some  2,000  of  the  inhabit- 
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ants  of  Exeter,  the  filtered  effluent  collected  by  drains 
laid  on  the  floor  of  the  filter  bed  being  quite  satisfactory. 
The  Local  Government  Board  has  sanctioned  a  scheme 
for  the  treatment  of  the  whole  of  the  Exeter  sewage  on 
similar  lines. 

In  Colonel  Ducat's  method  the  stages  of  liquefaction 
and  subsequent  purification  go  on  continously  side  by 
side  in  the  same  apparatus.  A  filter  some  8  feet  in 
depth  and  varying  in  area  with  the  amount  of  sewage 
it  is  required  to  treat,  is  built  up  from  the  ground 
level  with  walls  composed  of  agricultural  drain  pipes 
arranged  so  that  their  long  axes  are  directed  (with  a 
slight  fall)  towards  the  interior  of  the  filter.  By  this 
arrangement  the  wind,  from  whatever  direction,  can 
blow  into  the  body  of  the  filter,  whereas  the  slope  of  the 
pipes  prevents  the  sewage  from  flowing  out  of  them. 
The  body  of  the  filter  is  formed  of  layers  of  coke,  large 
at  the  top  and  small  below,  each  layer,  which  is  about 
1 8  inches  deep,  being  separated  from  its  neighbours  by 
an  aerating  layer  of  big  stones  and  of  pipes.  Dis- 
tributing troughs  apply  the  sewage  evenly  over  the  top 
of  the  filter,  which  it  slowly  passes  through,  the  effluent 
finally  collecting  in  a  channel  which  surrounds  the 
bottom  of  the  filter. 

Colonel  Ducat  has  also  devised  means  of  warming  his 
filter  in  the  winter,  thus  providing  against  the  effects  of 
frost,  and  also  insuring  a  constant  temperature  specially 
favourable  to  the  work  of  the  organisms. 

This  process  may  furnish  satisfactory  results  when 
deahng  with  town  sewage,  in  which  the  stability  of  the 
organic  matter  has  already  been  shaken  by  its  sojourn 
in  a  sewer;  but  it  is  diflicult  to  believe  that  the  result 
could  continue  uniformly  favourable  where  the  sewage 
to  be  dealt  with  is  essentially  fresh  in  character,  seeing 
that,  the  process  being  one  of  continuous  action,  the 


essential  and  all-important  element  of  time  is  not  pro- 
vided for  the  "  digestion,"  which  must  form  the  pre- 
liminary stage  of  sewage  treatment. 
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General  Remarks  on  the  Biological  Purification. 

When  any  installation  is  provided  for  the  natural 
purification  of  sewage,  the  organisms  concerned  in  the 
process  are  planted  on  the  filters,  &c.,  by  means  of  the 
sewage  itself;  but  it  is  not  until  after  the  sewage  has 
been  applied  to  the  installation  for  many  days  that  the 
organisms  have  become  sufficiently  developed  and  dif- 
ferentiated to  produce  their  best  effects  on  the  sewage 
as  it  passes  through  tlie  installation. 

In  installations  of  the  "  septic  tank,"  or  the  Scott- 
Moncrieflf  tank,  the  provision  made  must  be  sufficient 
to  hold  at  least  one  day's  sewage  flow.  The  matter  is, 
however,  complicated  by  the  necessity  of  making  pro- 
vision for  some  at  least  of  the  storm  water,  which  may 
at  times  swell  the  dry  weather  flow,  for  during  rainy 
periods  the  volume  of  sewage  is  often  more  than  quad- 
rupled. The  Local  Government  Board  requires  that 
storm  waters  amounting  to  thrice  the  dry  weather  flow 
of  sewage  must  be  treated  in  every  respect  as  the 
sewage,  while  any  additional  quantity  of  storm  water 
up  to  six  times  the  dry  weather  flow  must  receive 
special  treatment,  either  by  means  of  an  artificial  filter 
or  by  land  used  for  no  other  purpose.  The  storm  waters 
over  and  above  six  times  the  dry  weather  flow  may  be 
discharged  into  a  stream.  Local  authorities  must  there- 
fore make  provision  for  the  treatment  of  six  times  the 
dry  weather  flow.  Special  storm  water  filters  of  burnt 
ballast  will  deal  satisfactorily  with  500  gallons  of  sewage 
to  each  superficial  yard  of  filter  area. 

The  aerating  filter  beds  must  be  constructed  of  fine 
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grain  material.  The  nature  of  this  material,  given  that 
it  is  hard  and  durable,  does  not  appear  to  be  a  matter 
of  prime  importance.  It  may  be  of  coal,  cinders,  coke, 
burnt  ballast,  gravel,  or  flint,  and  local  circumstances  ■ 
may  be  left  to  determine  which  to  select.  Coke  is  gene- 
rally scarce  and  expensive  ;  coal  is  expensive,  and,  like 
burnt  ballast,  gravel,  and  flint,  can  often  only  be  ob- 
tained by  the  payment  of  heavy  charges  for  carriage. 
Sand  and  gravel  do  not  appear  to  be  so  satisfactory 
as  filters  of  coke,  coal,  and  burnt  ballast.  In  order  to 
secure  good  and  uniform  results,  the  filters  should  never 
'  be  made  to  deal  with  more  than  a  million  gallons  of 
average  sewage  per  acre  per  diem.  The  water  capacity  ■ 
of  these  fine  grain  beds  diminishes  somewhat  with  use, 
until  as  a  rule  a  stage  of  equilibrium  is  reached,  when 
the  liquid  capacity  of  the  bed  generally  ranges  between 
25  and  30  per  cent,  of  the  total  cubic  capacity.  The 
coarse  coke  breeze  or  burnt  ballast  beds  used  to  receive 
crude  sewage,  however,  separate  a  large  prop>ortion  of 
the  suspended  matter  of  the  sewage ;  hence  their  capa- 
city for  liquid  generally  settles  down  to  a  smaller  pro- 
portion, represented  commonly  by  a  figure  ranging  from 
15  to  20  per  cent.  The  eight  hours  cycle  of  treatment 
of  these  filter  beds  meets  with  the  approval  of  the  Local 
Government  Board,  the  time  being  allotted  as  follows: — 
I  hour  to  fill,  2  hours  to  rest  full,  1  hour  to  empty,  and 
4  hours  to  rest.  It  has  now  been  proved  that  such 
contact  beds  can  l>e  worked  at  the  rate  of  500,000 
gallons  per  acre,  if  the  eight  hours  cycle  is  strictly 
maintained. 

In  all  natural  processes  of  sewage  purification  the 
sewage  must  first  of  all  be  passed  through  a  grit 
chamber  in  order  to  retain  large  mineral  particles,  ■ 
which  would  otherwise  find  their  way  into  the  installa- 
tion  and  accumulate  there,  organisms  being  of  course 
quite  incapable  of  attacking  them. 
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What  is  essential  in  the  working  of  a  natural  process 
is  for  the  superintendent  of  the  works  to  fully  appreciate 
that  he  has  countless  colonies  of  living,  working  units 
under  his  control.  Their  work  must  always  be  regu- 
lated according  to  their  powers,  and  sufficient  and 
periodical  intervals  of  rest  must  be  allowed  them 
between  the  regular  periods  of  work.  Then,  and  then 
only,  will  they  attune  their  powers  to  the  work  they  are 
called  upon  to  perform,  and  so  establish  that  equili- 
brium which  is  so  easy  to  maintain,  and  so  difficult  to 
regain  when  once  lost. 

It  is  an  interesting  matter  to  note  that  the  total 
nitrogen  in  organic  combination  in  the  sewage  which 
enters  any  of  these  installations  is  not  nearly  accounted 
for  in  the  Nil,,  nitrates,  nitrites,  and  the  organic  nitro- 
gen slill  remaining  in  the  final  effluent.  The  loss  is 
doubtle.ss  due  to  the  fact  that  free  nitrogen  passes  away 
from  the  beds  {possibly  also  oxides  of  nitrogen),  and  a 
considerable  amount  of  ammonia  likewise. 

On  the  ground  that  the  micro-organisms  concerned  in 
purification  are  so  dependent  on  oxygen  for  final  and 
healthy  fermentation,  as  opposed  to  putrefactive  fer- 
mentation, that  they  will  even  reduce  chemical  com- 
pounds in  order  to  use  their  available  oxygen,  Adeney 
advocates  the  feeding  of  the  sewage  with  small  quanti- 
ties of  an  agent  containing  available  oxygen,  such  as 
nitrate  of  soda  or  the  manganate  of  soda. 

Lowcock  has  devised  a  filter  of  sand  and  gravel 
which  is  kept  aerated  by  pumping  air  into  it,  and  which 
can  be  used  continuously  with  good  results.  The  inter- 
mediate flushing  of  the  filter  beds  with  water  has  been 
advocated  by  Lomain,  Barwise,  and  others,  and  where 
practicable  there  is  every  reason  to  believe  that  a  gain 
would  result.  Bostock  Hill  advocates  the  use  of  coal 
as  a  filtering  material  (Garfield's  filter)  the  particles  of 
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coal  being  about  the  size  of  i-inch  cubes  at  the  bottom 
of  the  filter,  and  becoming  smaller  towards  the  top. 

When  certain  trade  effluents,  especially  waste  acids, 
are  passed  into  town  sewage,  experiment  alone  can 
decide  whether  it  will  be  necessary  to  employ  a  pre- 
liminary chemical  (lime)  treatment  prior  to  bacterial 
treatment  in  filter  beds.  It  is  certain  that  the  natural 
agencies  of  purification  are  for  the  most  part  capable  of 
dealing  with  such  quantities  of  the  trade  effluents  as 
more  usually  find  their  way  into  sewage.  It  would, 
however,  be  advantageous  if  manufacturers  could  l)e 
made  to  distribute  the  discharge  of  trade  wastes  more 
equally  over  the  twenty-four  hours.  In  some  cases  the 
waste  products  should  undergo  some  purification  or 
treatment  before  they  are  permitted  to  leave  the  pre- 
mises on  which  they  are  produced. 

Kenwood  and  Butler  found  that  by  the  use  of  secon- 
dary filters  {i.e.,  double  or  treble  filtration  of  the  tank 
effluent  from  the  anaerobic  treatment  of  sewage)  a  much 
greater  degree  of  purification  can  be  obtained  in  a 
shorter  time  than  by  a  single  treatment  of  the  tank 
effluent  in  one  filter.  A  filter  soon  acquires  a  state  of 
equilibrium,  as  regards  powers  of  purification,  which 
tends  to  adjust  itself  to  an  average  of  the  strength  of 
the  polluting  material  with  which  it  is  day  by  day  being 
supplied.  It  is  for  this  reason  that  the  necessity  for 
multiple  filters  appears  so  great  where  strong,  or  alter- 
nating weak  and  strong,  sewages  have  to  be  dealt  with  ; 
for  a  filter  will  elTcct  only  a  certain  percentage  reduction 
of  the  pollution  of  the  sewage  it  deceives,  even  when  it 
has  reached  its  maximum  biological  efficiency.  If  the 
pollution  is  high,  and  we  represent  the  purification 
which  can  be  effected  by  the  filter  as  50  per  cent.,  the 
effluent  may  still  be  a  bad  one ;  but  another  50  per 
cent,  reduction  in  a  second  filter  will  leave  only  25  per 
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cent,  of  the  original  pollution  still  to  be  disposed 
of. 

The  point  always  to  be  borne  in  mind  is  that  what 
has  to  take  place  is  not  merely  the  reduction  of  unstable 
matter  to  tlic  ultimate  stable  condition,  but  the  reduc- 
tion of  the  more  stable  organic  matter  to  the  unstable. 
The  reduction  of  the  unstable  to  the  stable  or  ultimate 
appears  to  be  best  elTected  by  change  of  filters,  that  of 
stable  to  unstable  by  rest  in  a  filter.  High  albuminoid 
ammonia  in  an  effluent,  then,  is  an  index  for  rest  in  a 
filter ;  high  oxygen  absorbed  is  an  index  for  passing  to 
another  filter  under  conditions  permitting  of  good  oxy- 
genation. 

Urs.  Clowes  and  Houston  advocate  the  use  of  coke 
for  filters  in  pieces  of  about  the  size  of  walnuts,  as  the 
larger  pieces  enable  the  bed  to  hold  a  larger  volume  of 
sewage  and  to  be  more  rapidly  filled  and  emptied,  as 
well  as  more  effectively  emptied  and  aerated.  They 
find  that  in  a  bed  13  feet  in  depth  the  purification 
approximates  to  that  in  one  4  feet  deep. 

The  purification  may  be  expressed  as  a  percentage 
calculated  upon  the  reduction  in  the  albuminoid  am- 
monia and  oxygen  absorbed  figures.  In  Mr.  Dibdin's 
method  such  purification  usually  amounts  to  a  little 
over  70  per  cent,  of  the  original  pollution. 

A  bacterial  filter  of  coke  will  cost  from  ;£'2,ooo  to 
;f4,ooo  per  acre,  and  each  acre  will  treat  from  400,000 
to  1,000,000  gallons  daily,  according  to  the  nature  of 
the  sewage. 

If  the  aerated  beds  are  treated  continuously,  with  the 
outlet  pipe  kept  constantly  open,  and  excellent  results 
can  be  got  by  this  method,  then  the  sewage  must  be 
applied  evenly  and  equally  over  the  whole  area  of  the 
filter.  It  is  difficult  to  effect  this  with  ordinary  fixed 
trough   distributors ;    but   it    can    be   provided   for   by 
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means  of  revolving  sprinkling  arms,  such  as  Candy's, 
which  automatically  revolve  horizontally  over  the  bed. 
the  motive  power  being  the  passage  of  the  sewage  on 
its  way  to  the  sprinkling  arms. 

In  Messrs.  Wiiittaker  and  Bryant's  installation,  as 
the  sewage  passes  to  the  sprinkler,  a  jet  of  steam  is 
blown  through  it,  whicli  raises  its  temperature,  the 
bacteria  bed  being  thereby  kept  at  an  equable  tempera- 
ture very  favourable  to  the  activity  of  bacteria.  It  is 
also  claimed  that  the  application  of  the  warm  sewage 
to  the  surface  of  the  bed  causes  an  expansion  of  the  air 
between  the  filtering  particles ;  and,  as  a  consequence, 
fresh  air  is  drawn  through  the  drain  pipes  at  the  bottom 
of  the  filter,  and  made  to  traverse  the  body  of  the  bed, 
a  high  degree  of  aeration  being  thus  assured.  It  is  said 
that  such  a  bed  can  deal  with  600  gallons  of  sewage  per 
square  yard  in  twenty-four  hours. 

It  may  be  taken  for  granted  that  circumstances 
favouring  liigh  oxygenation  promote  the  ultimate 
changes  of  purification  and  the  production  of  an 
efilucot  with  good  physical  characters — incapable  of 
putrefaction  and  of  developing  odour.  This  condition 
of  things  is  sought  to  be  promoted  in  all  installations. 
One  sees  it  in  the  system  of  emptying  and  filling  fine  bac- 
terial beds  in  Dibdin's  method,  in  the  aerating  channels 
and  beds  of  the  "  septic  tank  "  method,  in  the  nitrifying 
channels  and  trays  of  Scott- MoncriefT,  in  the  Ducat  filter, 
Stoddart's  filter,  Lowcock's  filter,  Adeney  and  Parry's 
suggestions  for  the  addition  of  small  quantities  of  an 
oxidising  agent  in  the  effluent,  and  in  the  use  of 
sprinklers.  Contact  beds  do  not  meet  this  essential  so 
well  as  some  of  the  other  alternatives  in  practice,  and 
observations  go  to  shosv  that  the  best  results  are 
to  Ik;  obtained  by  an  intermittent  application  of  the 
previously  sedimentcd  sewage  upon  a  bed,  the  outlet 
pipe  of  which  is  constantly  open. 
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The  artificial  warming  of  bacterial  beds,  though  it 
increases  bacterial  activity,  is  not  necessary;  for  even 
in  the  coldest  winter  months  the  temperature  of  the 
body  of  the  beds  rarely  falls  below  60°  F.,  though  the 
temperature  of  the  atmosphere  may  be  below  40°  F. 

With  the  evidence  at  present  available,  it  is  extremely 
difficult  to  decide  as  to  the  respective  merits  of  ail  of  the 
installations  which  have  been  advocated.  A  proper  com- 
parison can  only  be  made  by  arranging  for  the  same 
sewage  to  be  treated,  at  the  same  time,  in  the  different 
installations,  side  by  side;  and  if  the  matter  is  to  be 
satisfactorily  settled  this  is  what  will  have  to  be  done. 
Sewage  varies  so  much  in  its  constituents,  and  in  the 
relative  proportions  of  its  different  constituents,  that 
experiments  performed  on  different  sewages  afford  no 
precise  information  on  which  can  be  based  a  safe  and 
scientific  comparison. 

Any  opinion  expressed  must,  therefore,  be  accepted 
with  reservation,  but  probably  every  one  of  the  methods 
referred  to  may  be  made  to  give  satisfactory  results. 
Questions  of  economy  of  plant  and  of  time,  of  working 
and  maintenance,  and  of  the  relative  applicability  of 
the  process  to  local  wants  and  conditions,  must  and  will 
ultimately  determine  the  choice. 

The  separation  of  the  suspended  solids  by  filtration 
appears  to  be  the  simplest  and  most  rapid  procedure  ; 
and  upward  filtration  has  the  advantage  over  down- 
ward, that  the  sludge  in  this  method  requires  no  atten- 
tion. 

"  Although  in  the  case  of  effluents  from  land  of  a  kind 
suitable  for  the  purification  of  sewage  there  are  fewer 
micro-organisms  than  in  the  effluents  from  most  artificial 
processes,  yet  both  classes  of  effluents  usually  contain 
large  numbers  of  organisms.  We  are  of  opinion  that 
fuch  effliients  must  be  regarded  as  potentially  danger- 
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ous."     ("  Interim  Report  of  the  Royal  Commission  on 
Sewage  Disposal,  "  igoi). 

A  fair  sewage  effluent  would  have  the  following  com- 
position in  100,000  parts  : — 

Saline  and  free  ammonia            .                .                .  t'su 

Organic  ammonia                 .                .                ,  "''S 

Oxygen  absorbed  in  4  hours  at  80°  F.                        .  1*50 

Oxidised  nitrogen                 .                ■                .  I  20 

Chlorine        .....  io°5o 

Suspended  matter                 .                .                .  2*15 

Solids  in  solution         ....  86-15 

(a)  Volatile    ....  35'05 

(6)  Non-volatile                    .                                .  si°io 

A  satisfactory  sewage  effluent  must  be  without  fxcal 
odour  and  practically  colourless.  In  the  opinion  of 
many,  the  organic  ammonia  figure  is  the  best  criterion 
of  a  satisfactory  effluent.  It  is  held  by  some  authorities 
that  this  figure  should  not  exceed  o-i  part  per  100,000. 
while  others  advocate  a  limit  of  0-15,  or  even  o'2.  The 
oxygen  absorbed  by  oxidizable  organic  matter  in  four 
hours  at  Sti"  F.  does  not  exceed  1*5  parts  per  100,000 
in  good  effluents.  The  chlorine  and  free  and  saline 
ammonia  figures  arc  tinimportant,  since  these  are  ulti- 
tnale  products;  the  chlorine  in  the  effluent  of  a  sewage 
of  average  strength  is  about  10  parts  per  100,000.  There 
should  be  practically  no  solids  in  suspension ;  the  Rivers 
Pollution  Commissioners'  standard  required  that  the 
suspended  matter  should  not  exceed  3  parts  of  dry 
mineral  matter  per  100,000,  nor  i  part  of  dry  organic 
matter  per  100,000.  Above  all,  the  final  effluent  must 
not  b<!  liable  to  putrefaction  or  secondary  decomposition. 

The  presence  of  oxidized  nitrogen  in  an  effluent  must 
not  be  regarded  as  a  sure  index  of  purity,  although  if 
nitrates  arc  found  to  persist  in  an  inoffensive  effluent  for 
a  few  days  after  its  collection,  the  effluent  is  not  likely 
to  become  offensive.     Nitrates  are  a  measure  not  of 
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that  pollution  which  may  be  oxidized,  but  of  that  which 
has  been  oxidized,  and  their  presence  gives  no  indication 
of  what  remains  to  be  purified. 

The  fact  is  that  no  general  standard  appHcable  to  all 
cases  is  possible  or  desirable.  The  best  possible  results 
must  always  be  aimed  at,  and  should  be  insisted  upon, 
having  due  regard  to  the  nature  of  the  sewage,  and  to 
the  conditions,  volume,  and  uses  of  the  stream  wliich  is 
ultimately  to  receive  it.  The  maximum  impurity  per- 
missible will  in  certain  cases  be  very  slight  indeed, 
while  in  others  a  greater  latitude  may  be  conceded. 
But  certainly  all  effluents  should  conform  to  the  follow- 
ing requirements  : — they  should  contain  but  very  little 
suspended  organic  matter  (certainly  not  more  than  five 
parts  per  100,000) ;  they  should  possess  no  odour  of 
sulphuretted  hydrogen  ;  and  there  should  be  no  physical 
evidence  of  putrefaction  when  they  are  incubated  for  a 
week  in  a  closed  vessel  at  So°  F. 


Intermittent  Downward  Filtration. 


When  sewage  is  filtered  through  porous  soil,  it  is 
purified  to  a  greater  or  less  extent.  This  purification  is 
partly  due  to  the  soil  acting  as  a  mechanical  filter, 
separating  out  and  retaining  the  suspended  matters  in 
the  sewage ;  but  greatly  more  to  the  destruction  by 
organisms  of  the  organic  matters  in  the  sewage.  This 
purification  is  chiefly  effected  by  bacterial  organisms — 
the  nitrifying  organisms  of  Schloesing,  Miintz,  and 
Warrington — which  exist  in  the  upper  layers,  extending 
to  3  or  4  feet  from  the  surface,  of  all  soils,  but  chiefly 
in  those  rich  loamy  soils  which  contain  much  organic 
matter.  The  nitrifying  organisms  feed  on  the  organic 
matters  of  sewage,  causing  their  oxidation.  They 
require  air  and  oxygen  for  their  growth  and  Vvle, 'wVcv.Ovx 
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are  supplied  to  them  when  the  soil  is  being  aerated 
during  its  periods  of  rest.  Tlie  soil  or  the  sewage 
should  also  be  rich  in  lime  or  other  alkali;  for  the  nitric 
and  nitrous  acids  formed  by  the  nitrifying  organisms 
must  be  able  to  combine  with  bases,  or  the  nitrifying 
action  ceases. 

A  very  large  volume  of  sewage  can  be  purified  on  a 
small  area  of  land,  if  the  soil  is  of  a  porous  and  rich 
loa^ny  character.  Sandy  soils  are  not  efficient  purifiers 
— at  any  rate  at  first.  Clay,  and  other  retentive  soils, 
must  be  well  broken  up  and  mixed  with  ashes.  The 
surface  of  the  land  must  be  levelled,  and  underdrained 
with  porous  tile  drains,  laid  at  a  distance  of  about  lo  to 
3D  feet  apart,  according  to  the  nature  of  the  soil,  and  at 
a  depth  of  5  or  6  feet  from  the  surface.  The  area  should 
be  laid  out  in  plots ;  and  no  plot  should  receive  sewage 
for  more  than  six  hours,  so  that  it  may  have  eighteen 
iiours'  rest  out  of  the  twenty-four ;  to  this  end  the 
screened,  filtered,  or  precipitated  sewage  is  distributed 
over  each  plot  of  ground  intermittently  by  means  of 
branching  carriers.  If  it  is  intended  to  apply  the 
sewage  in  the  proportion  of  more  than  i.ooo  people  to 
an  acre,  the  sewage  should  be  treated  chemically  to 
remove  the  suspended  matters,  and  the  clarified  sewage 
only  should  be  applied  to  the  land. 

When  crude  sewage  is  applied  in  large  volumes  to  a 
small  area  of  land,  the  pores  of  the  soil  become  clogged 
with  the  slimy  suspended  matters,  and  a  kind  of  coating 
is  formed  over  the  surface,  which  prevents  the  percola- 
tion of  the  sewage  and  the  penetration  of  air  into  the 
interstices  of  the  soil.  When  the  sewage  of  consider- 
ably less  than  1000  people  is  to  lie  applied  per  acre,  the 
screened  sewage  may  tie  applied  in  its  crude  state;  for 
it  IS  nmch  cheaper  to  allow  the  suspended  matters  to 
reach  the  soil  by  gravitation  in  the  liquid  sewage,  thai 


U 


.#Oi 


DISPOSAL   OF   REFUSE. 


199 


then, 


to  separate  them  by  precipitation  and  tlien,  as  is  some- 
times necessary,  to  pump  the  liquid  sludge  on  to  the 
land.  It  is  generally  the  practice  to  lay  out  the  filter 
areas  in  ridges  and  furrows,  the  sewage  being  allowed 
to  flow  down  the  furrows,  whilst  vegetables  are  grown 
on  the  ridges.  The  roots  of  the  vegetables  assimilate 
organic  products,  and  thus  help  to  purify  the  sewage, 
■whilst  the  leaves  and  stalks,  being  above  the  sewage, 
are  not  contaminated  by  floating  matters.  The  sus- 
pended matters  deposited  from  the  crude  sewage  in  the 
furrows  must  be  dug  into  the  soil  from  time  to  time, 
before  they  have  time  to  form  an  impenetrable  coating. 

By  intermittent  downward  filtration  through  specially 
prepared  filter  beds,  the  clarified  sewage  of  even  5,000 
people  can  be  applied  to  each  acre  of  filter  ;  but  it  is 
not  really  safe  to  allow  less  than  i  acre  to  each  1,000  of 
population  when  the  intermittent  downward  filtration  is 
through  soil,  however  suitable  the  soil  may  be.  Under 
favourable  circumstances,  the  effluent  water  issuing 
from  the  drains  will  be  found  almost  completely  free 
from  organic  matters.  The  nitrogen  of  the  sewage  exists 
in  the  effluent  water,  but  in  the  innocuous  forms  of 
ammonia,  nitrates,  and  nitrites.  The  chlorine  will  be 
found  in  about  the  same  proportion  in  the  effluent  as  in 
the  sewage.  The  sewage,  therefore,  by  this  process  is 
effectually  purified  ;  but  all  its  manurinl  ingredients  are 
wasted,  except  in  those  cases  where  the  sale  of  vege- 
tables, grown  on  ridges,  covers  part  of  the  cost  of  the 
distribution.  But  the  area  of  land  being  so  limited,  the 
amount  of  crops,  and  the  income  derived  from  their 
sale,  must  necessarily  be  very  small. 


Ikrioation. 

In  the  words  of  the   Royal   Commission  on   Metro- 
politan Sewage  Discharge,  broad  irrigaVion  vweavi's. "  \X\e. 
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distribution  of  sewage  over  a  large  surface  of  ordinary 
agricultural  ground,  having  in  view  a  maximum  growth 
of  vegetation  (consistently  with  due  purification)  for  the 
amount  of  sewage  supplied."  Filtration  means  "  the 
concentration  of  sewage,  at  short  intervals,  on  an  area 
of  specially  chosen  porous  ground,  as  stmill  as  will 
absorb  and  cleanse  it ;  not  excluding  vegetation,  but 
making  tlie  produce  of  secondary  importance.  The 
intermittcncy  of  application  is  a  sine  qiui  non  even  in 
suitably  constituted  soils,  wherever  complete  success  is 
aimed  at." 

It  becomes  necessary  to  inquire  wliat  are  the  condi- 
tions under  which  the  sewage  of  a  town  may  be  applied 
to  land  by  broad  irrigation  ;  that  is,  how  may  sewage 
farming  be  rendered  successful  ?  Experience  has  taught 
that  no  great  profit  should  be  looked  for  from  a  sewage 
farm ;  but  even  if  the  sale  of  the  produce  helps  to 
diminish  the  co^t  of  purification,  this  is  a  result  which 
can  be  obtained  by  no  other  method  of  disposal  of  sew- 
age. Unfortunately,  in  the  past,  local  authorities  have 
found  great  difficulty  in  acquiring  land  for  purifying 
sewage.  Enormous  prices  have  been  asked  and  given 
for  agricultural  land,  required  for  sewage  farms  ;  and 
these,  added  to  parliamentary  and  legal  costs,  have  in 
many  instances  saddled  the  rates  with  burdens,  which 
cannot  possibly  be  defrayed  by  the  sale  of  sewage 
grown  produce. 

In  the  first  place,  the  land  chosen  should  be  so 
situated  lu  relation  to  the  town  that  the  sewage  may 
flow  to  it  by  gravitation  ;  pumping  is  costly,  and  greatly 
reduces  any  profits  that  may  arise.  The  rent  to  be 
given  for  the  land  ought  not  to  e.\cccd  £2  \os.  per  acre 
(Bailey  Denton).  The  extent  of  land  that  should  be 
acquired  varies  under  dilTerent  circumstances ;  as  an 
average,   i    acre   to  cveiy   too   to  200  persons  of  the 
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population  is  sufficient.  The  best  kind  of  soil  is  a 
friable  loam,  but  clayey,  gravelly,  or  sandy  soils  are 
all  capable  of  purifying  and  utilizing  sewage  when 
properly  managed.  "  Peat  and  stiff  clay  soils  are 
generally  unsuitable  for  the  purification  of  sewage" 
(Interim  Report  of  the  Royal  Commission  on  Sewage 
Disposal,  lyoi).  The  land  must  be  levelled,  and, 
unless  very  porous,  underdrained  to  allow  the  sewage 
to  percolate  and  prevent  its  stagnation  on  the  surface. 
With  very  dense  clay  soils  filtration  is  impossible,  and 
in  such  cases  surface  flow  must  be  entirely  relied  upon. 
This  is  capable  of  giving  a  fairly  pure  effluent,  if  the 
sewage  has  been  freed  of  suspended  matters  by  a  pre- 
liminary precipitation,  and  if  the  area  of  the  land  is 
sufficient.  In  these  cases  under-drainage  should  not  be 
attempted,  as  in  dry  summer  weather  the  stiff  clay  soil 
cracks,  and  the  sewage  may  pass  away  directly  through 
the  fissures  into  the  under  drains,  and  so  reach  the 
water  courses  unpurified.  The  main  carriers  for  the 
distribution  of  the  sewage  on  the  farm  should  be 
masonry,  concrete,  or  stoneware  cliannels,  which  can 
he  easily  flushed  and  cleansed. 

Great  care  must  be  exercised  where  sewage  is  allowed 
to  irrigate  land  of  a  chalky  nature,  or  where  a  top  layer 
of  clayey  soil  of  but  little  thickness  covers  a  thick  stratum 
of  chalk.  In  certain  chalk  formations,  what  are  known 
as  "swallow  holes"  exist — that  is,  e.xtensive  fissures  in 
the  chalk  reaching  up  to  the  surface.  In  such  soils  it 
sometimes  may  happen  that  unpurified  sewage  flowing 
over  the  surface  may  disappear  into  one  of  these  fissures 
or  swallow  holes  and  pollute  the  underground  water, 
which  at  no  great  distance  away  may  be  pumped  out  of 
a  deep  well  in  the  chalk  to  supply  houses,  villages,  or 
towns.  Such  an  occurrence  is  believed  to  have  occurred 
at  the  East   Riding  Lunatic   Asylum,  neat   \ie\e\\e>j. 
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Yorkshire,  Tiie  top  layer  of  clay  became  extensively 
cracked  in  dry  summer  weather,  permitting  unpurified 
sewage  to  pass  through  to  the  chalk  beneath,  where  it 
was  conducted  by  fissures  to  the  deep  well,  about  half  a 
mile  distant,  which  supplied  Beverley  with  water.  As 
the  water  in  this  well  is  sometimes  depressed  by  pumping 
to  the  extent  of  17  feet,  the  area  of  the  circle  drained 
by  the  well  must  be  very  extensive.  In  the  immediate 
neighbourhood,  a  stream  much  polluted  by  the  sewage 
of  a  village  on  its  banks  disappeared  into  one  of  these 
swallow  holes,  where  the  chalk  rises  up  into  the  bed  of 
the  stream. 

The  method  most  capable  of  general  application  for 
applying  the  sewage  from  the  main  carriers  to  the  surface 
of  the  farm  is  that  known  as  the  ridge  and  furrow  system. 
The  surface  is  laid  out  in  ridges — 30  to  60  feet  broad — 
running  parallel  to  each  other,  and  at  right  angles  to  the 
main  carrier,  with  a  slight  fall  from  it.  Between  every 
two  ridges  is  a  furrow  formed  by  the  slope  (a  fall  of  a 
few  inches)  of  the  two  ridges  towards  each  other.  The 
sewage  is  made  to  pass  down  a  grip  in  the  centre  of  the 
ridge,  and  thence  to  flow  over  the  sides  towards  the 
furrow.  When  the  central  grtp  becomes  clogged  with 
the  suspended  matters  of  the  sewage,  it  should  be  filled 
in,  and  a  fresh  one  made  in  its  place.  The  nnderdrains 
of  porous  earthenware  should  be  laid  at  a  depth  of  about 
6  feet  in  the  soil,  an<i  from  20  lo  100  feet  apart,  according 
to  the  porosity  of  the  soil. 

What  is  known  as  the  "catch  water  system  "  of  irriga- 
tion can  be  adopted  where  the  areas  for  sewage  treatment 
have  sufficient  gradients.  By  this  method  a  series  of 
furrows  or  trenches  ara  dug  in  lines  one  below  the 
other.  Tfie  sewage  is  conducted  to  the  topmost  trench, 
over  which  it  flows  to  find  its  way  into  the  next  lower 
trench,  and  so  downwards  to  the  bottom  of  the  slope, 
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where  the  effluent  is  collected  and  conveyed  away  in 
drains. 

The  best  crops  for  a  sewage  farm  are  Italian  rye 
grass,  roots  (mangold  wurzel),  and  cabbages.  Messrs. 
Rawlinson  and  Read  in  their  report  to  the  Local 
Government  Board  (1876)  state:  "Italian  rye  grass 
is  probably  in  all  respects  the  most  advantageous  crop 
to  be  giown  under  sewage,  as  it  absorbs  the  largest 
volume  of  sewage;  occupies  the  soil  so  as  to  choke  down 
weeds;  comes  early  into  the  market  in  spring;  continues 
through  the  summer  and  autumn,  bearing  fronl  five  to 
as  many  as  seven  cuttings  in  the  year,  and  producing 
from  30  to  50  tons  of  wholesome  grass  upon  eacli  acre." 
After  two  or  three  years,  the  plot  of  rye  grass  should  be 
ploughed  up,  and  the  land  sown  witli  cabbages  or  roots 
(mangolds).  These  may  be  sewaged  when  growing,  but 
they  should  not  be  sewaged  when  they  arrive  at  maturity. 
They  help  to  exhaust  the  soil  of  the  sewage  products 
retained  in  it,  which  have  not  been  absorbed  by  the  rye 
grass.  Pulse,  cereals,  and  all  other  vegetables,  should 
not  be  sewaged  when  in  growth,  e.Ncept  in  times  of  great 
drought.  The  land,  when  fallow,  may  be  enriched  by 
the  application  of  sewdge;  for  some  of  the  manurial 
ingredients  of  sewage  are  doubtless  retained  in  it,  ready 
for  use  on  a  future  occasion.  Market  gardening  may  be 
undertaken,  and  made  very  profitable  on  farms  where 
the  area  of  land  is  more  than  sufficient  to  deal  with  all 
the  sewage ;  but,  where  this  is  not  the  case,  market 
gardening  does  not  answer,  because  the  area  so  culti- 
vated cannot  deal  with  all  the  sewage  which  it  ought  to 
utilize. 

The  amount  of  capital  required  to  stock  and  work  a 
sewage  farm  is  very  great,  probably  five  times  the 
amount  required  for  an  ordinary  farm.  The  crops  that 
have  to  be  taken  off  the  land  are  enormous,  anOi  a^  W^t 
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amount  o[  labour  is  required  to  keep  it  clean  and  free 
from  weeds.  Tlie  crops  of  Italian  rye  grass,  being  so 
large,  may — and  often  do — exceed  the  demands  of  the 
local  markets.  If  not  sold  at  once,  the  grass  is  wasted ; 
for  it  will  not  keep,  and  will  not  bear  long  carriage.  In 
dry  summers  it  may  be  made  into  hay,  and  at  other 
times  it  may  be  converted  into  ensilage.  It  has  been 
found,  however,  that,  to  reap  the  greatest  profits  from  a 
sewage  farm,  the  produce  should  be  converted  into  milk 
and  meat.  In  other  words,  a  dairy  farm  should  be 
established,  and  stock  should  be  reared  and  fattened 
for  market.  The  idea  that  sewage  grown  produce 
is  dropsical  and  prone  to  decompose  has  been  long 
exploded.  The  milk  and  meat,  also,  from  animals  fed 
on  such  produce  in  no  way  differs  from  milk  and  meat 
produced  on  ordinary  farms. 

From  experiments  extended  over  five  years  (1871-76), 
the  British  Association  Sewage  Committee  found  that  the 
average  amount  of  nitrogen  recovered  in  the  crops  of  a 
sewage  farm  was  32'8(i  per  cent,  of  that  applied  in  the 
sewage.  About  1 1  per  cent,  of  the  nitrogen  in  the  sewage 
escajjes  in  the  effluent  water,  almost  entirely  as  nitrates 
and  nitrites,  whilst  a  portion  of  the  unaccounted-for  ni- 
trogen is  stored  up  in,  and  enriches,  the  soil  of  the  farm. 
These  results  the  committee  considered  very  satisfactory, 
taking  into  account  the  extreme  porosity  of  the  soil  and 
the  limited  area  of  the  land  of  the  farm  experimented  on, 
as  in  the  expeiiments  of  Messrs.  Lawes  and  Gilbert  only 
from  40  to  60  per  cent,  of  the  nitrogen  applied  in  solid 
manures  was  recovered  in  the  crops  within  the  season  of 
application. 

The  amount  of  evaporation  of  water  from  the  surface 
of  a  sewage  farm  is  enormous.  The  above  committee 
found  that,  on  an  average  of  over  a  year's  observations, 
only  47-3  per  cent,  of  the  sewage  pumped  on  to  the  land 


DISPOSAL    OF    REFUSE. 


205 


i 


was  discharged  through  the  deep  drains  as  effluent 
water.  This  fact  must  be  reckoned  with  on  making 
analyses  of  effluent  water  from  sewage  farms,  which  are 
to  be  compared  with  samples  of  crude  sewage  flowing 
on  to  the  farm.  Although  the  evaporation  of  water  is 
so  great,  the  committee  found  that  there  was  no  loss  of 
ammonia  from  the  sewage  by  evaporation  in  its  passage 
along  the  open  grips  and  carriers  on  the  farm. 

One  of  the  great  drawbacks  to  the  utihzation  of 
sewage  by  irrigation  is  tlie  fact  that  the  sewage  must  be 
appHed  to  the  land  as  it  comes,  by  night  as  well  as  by 
day ;  on  Sundays  as  well  as  on  week  days.  There  may 
be  times  when  it  may  not  be  desirable  to  apply  sewage 
to  the  general  surface  of  the  farm,  especially  during 
wet  weather,  when  enormous  volumes  of  dilute  sewage 
arrive  at  the  farm.  This  difficulty  may  be  got  over  by 
laying  out  a  portion  of  the  farm  as  a  filter  bed  closely 
drained.  The  extent  of  this  filtration  area  should  be 
sufficient  to  purify  the  whole  of  the  sewage  when  not 
required  on  the  general  surface  of  the  farm.  The  land 
may  be  left  fallow,  or  laid  out  in  ridges  and  furrows  and 
cropped.  When  the  sewage  is  much  diluted  with  storm 
water,  it  may,  in  other  cases,  be  carried  over  a  specially 
prepared  filtering  area  planted  with  osier  beds,  or  over 
meadow  lands,  before  being  discharged  into  a  stream. 
The  flow  of  sewage  is  thereby  checked,  and  suspended 
matters  are  to  a  certain  extent  deposited,  so  that  the 
sewage  is  partially  clarified  before  its  entrance  into  the 
stream.  It  would  be  of  great  advantage  if  storm  and 
subsoil  waters  could  always  be  excluded  from  the 
sewers ;  the  problem  of  satisfactory  disposal  of  the 
sewage  would  be  thereby  greatly  facilitated. 

During  the  most  severe  frosts  irrigation  may  continue 
uninterruptedly.  A  coating  of  ice  is  formed  over  the 
gurface  of  the  farm,  but  the  sewage  which  always  Vvas.  a. 
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temperature!  well  above  the  freezing  point,  flows  under- 
neath this  coating  and  sinks  into  the  soil,  which  remains 
unfrozen  and  open.  As  the  weather  moderates,  the 
sewage  rapidly  melts  the  ice  above  it.  Even  in  .America, 
where  the  frosts  are  most  intense,  no  trouble  has  arisen 
from  this  cause  on  any  of  the  sewage  farms. 

Are  sewage  farms  productive  of  nuisance  and  injury 
to  health  ?  There  can  be  no  doubt  that  badly  managed 
farms — where  more  sewage  is  applied  than  the  land  can 
absorb  and  cleanse,  or  where,  from  the  sewage  being 
applied  too  continuously,  the  surface  becomes  sodden, 
and  ponded  sewage  stagnates  on  it — may  be  a  nuisance. 
When  properly  conducted,  and  the  sewage  is  distributed 
over  the  land  in  as  fresh  a  state  as  possible,  and  not 
after  prolonged  sojourn  in  a  lengthy  main  sewer,  sewage 
irrigation  is  not  found  to  be  productive  of  any  nuisance. 

That  sewage  farming  is  no  more  unhealthy  than 
ordinary  farming  is  shown  from  the  returns  of  the  nine 
sewage  farms  which  were  in  competition  for  the  Royal 
.Agricultural  Society's  prizes.  The  rate  of  mortality 
amongst  the  labourers  and  their  families,  on  an  average 
of  the  numljer  of  years  these  farms  had  been  in  operation, 
did  not  exceed  3  per  1,000  per  annum.  No  facts,  either, 
have  ever  been  brought  forward  in  favour  of  the  view 
thiit  entozoic  diseases  are  spread  by  the  agency  of 
sewage  farms.  It  is  probable  that  alkaline  sewage 
destroys  organisms  like  the  ova  of  tapeworms,  whose 
natural  habitat  is  the  acid  secretion  of  the  human 
intestines.  If  so,  they  are  destroyed  before  they  arrive 
.It  the  farm.  On  one  farm,  too,  it  was  found  that  there 
was  a  remarkable  absence  of  those  molluscan  and  insect 
forms  of  life  which  frequently  play  the  part  of  inter- 
mediary bearers  to  entozoal  larva-,  and  without  which 
the  cycle  of  their  existence  cannot  he  completed.  liven 
where  cattle  have  been  allowed  to  feed  upon  land  to 
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which  sewage  was  being  applied,  it  has  not  been  found 
that  they  were  in  any  way  affected  with  parasitic 
diseases. 

Generally  speaking,  land  is  becoming  too  valuable  to 
be  put  to  purposes  of  sewage  purification,  hence  the 
modern  endeavour  to  reproduce  all  the  most  favourable 
conditions  of  land  and  to  concentrate  them  in  a  small 
area  known  as  a  bacterial  bed ;  but  where  land,  suitable 
in  nature  and  quantity,  can  be  procured,  equally  good 
results  are  obtainable. 


AIR    AND    VENTILATION. 

Pure    atmospheric   air  has   the    following   volumetric 
composition :  — 

Oxygen         .  .  , 

Nitrogen 

Argon 

Carbonic  acid        .  .  0-04       „ 

Aqueous  vapour  .  .        VaiiaLle 

Traces  of  organic  matter,  ozone,  mineral  salts, 
ammonia,  nitric  acid,  krypton,  neon,  metargon, 
catburettcd  hydrogen ;  and  in  towns  sulphurous 
acid  and  sulphuretted  hydrogen. 

This  composition  is,  as  regards  the  three  gases  which 
compose  ahnost  the  entire  bulk  of  ordinary  air,  remark- 
ably uniform  in  every  part  of  the  world.  Even  in  the 
midst  of  large  cities,  where  the  atmo.iphere  is  being 
vitiated  and  polluted  in  every  conceivable  variety  of 
way,  the  air  of  open  spaces  differs  but  very  slightly  in 
the  proportions  of  its  constituent  gases  from  the  air  on 
the  open  plains,  mountains,  or  seas,  which  is  far  removed 
from  such  sources  of  contamination.  This  is  not  to  be 
wondered  at  when  the  immense  power  and  universality 
of  the  forces  which  promote  purification  of  the  atmo- 
sphere arc  considered.  Such  are : — The  winds,  wliich 
dilute  and  sweep  away  impurities,  bringing  pure  air  in 
their  place ;  the  rain,  which  washes  the  air,  carrying 
down  in  its  fall  dissolved  gases  and  suspended  impari- 
ties; the  chemical  effects  of  the  oxygen  and  ozone  in  the 
air  on  the  oxidizable  matters  in  it ;    and,  lastly,  the 
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power  possessed  by  tlie  green  parts  of  plants  in  sunlight 
of  absorbing  carbonic  acid,  fixing  the  carbon,  and  setting 
free  the  oxygen.  The  latter  process,  is  however,  reversed 
during  the  hours  of  night,  CO,  being  evolved,  but  the 
balance  is  decidedly  in  favour  of  purification. 

But  under  the  artificial  conditions  of  civilized  exist- 
ence it  too  often  happens  that  the  utilization  of  these 
purifying  forces — the  science  of  ventilation  — is  not 
understood,  or  is  neglected,  and  as  a  consequence  the 
impurities,  which  are  continually  being  thrown  by 
human  agencies  into  the  atmosphere,  increase  faster 
than  they  can  be  dispersed  or  destroyed.  Confining 
our  attention  for  the  present  to  the  outer  air — the  air 
outside  buildings — it  has  been  found  in  large  cities  that 
when  the  atmosphere  is  stagnant,  and  no  wind  is  blow- 
ing, especially  during  fogs,  the  air  of  open  spaces  may 
contain  only  20-80  per  cent,  of  oxygen,  or  even  less,  and 
the  caibonic  acid  may  exceed  o-o6  per  cent.,  with  a 
considerable  increase  likewise  in  organic  matters. 
Such  observations  have  been  made  in  London  and 
Manchester.  In  the  narrow  closed  courts  or  streets, 
surrounded  by  high  buildings,  which  constitute  so  large 
a  portion  of  the  densely  populated  parts  of  these  cities, 
the  air  has  been  found  considerably  more  impure  than 
the  samples  above  given,  which  were  taken  from  open 
spaces.  The  air  of  such  places  is  stagnant  and  con- 
fined, as  in  a  well ;  there  is  no  circulation  to  effect  a 
proper  renewal  of  fresh  air,  and  dispersion  of  accumu- 
lated impurities,  and  the  sun  rarely  penetrates.  Vet 
such  is  the  only  air  supply  attainable  by  thousands  of 
the  dwellings  of  the  poorer  classes. 

Ozone,  which  is  oxygen  in  an  allotropic  and  highly 
active  condition,  is  generally  absent  from  town  air,  even 
in  open  squares  and  parks. 

We  thus  see  that  although  in  towns  muc\v  uwj  \)fe 
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done  by  constructing  wide  and  airy  streets,  by  prevent- 
ing the  back-to-back  aggregation  of  dwellings,  and  by 
suitable  restrictions,  as  to  their  height,  to  provide  for 
proper  ventilation  and  purification  of  the  atmosphere, 
yet  its  purity  is  liable  to  variations,  which  do  not  occur 
in  the  air  of  the  open  country.  These  variations  may 
be  only  very  slight  in  amount,  but  they  are  not  unim- 
portant. Their  bearing  on  the  health  and  vitality  of 
the  populations  exposed  to  their  influence  is  probably 
considerable. 

Amongst  suspended  matters  usually  present  in  the 
air,  to  a  greater  or  less  extent,  are  minute  particles  of 
mineral  matter  (common  salt,  especially  near  the  sea), 
soot,  dust  of  various  kinds — in  towns  consisting  largely 
of  organic  matters  from  horse  droppings— vegetable 
d6bris,  pollen  of  grasses  and  flowers  in  the  early 
summer,  the  spores  of  various  fungi  and  moulds, 
diatoms,  bacteria  and  their  spores,  monads  and  infu- 
soria— dead  and  living.  The  purest  air,  such  as  exists 
at  considerable  elevations  on  mountains  and  over  the 
sea,  contains  but  very  little  suspended  matter.  In 
towns,  especially  manufacturing  towns,  the  air  is  often 
loaded  with  soot  and  dust  of  mineral  origin.  The  dust 
in  the  atmosphere  provides  innumerable  nuclei  for  the 
condensation  of  moisture  or  water  vapour. 

In  towns,  the  amount  of  organic  and  mineral  dust  in 
the  air  will  depend  greatly  on  the  efficiency  of  the 
scavenging  and  watering  of  the  streets.  The  wind 
raises  minute  particles  from  the  surface  of  the  ground, 
and  carries  them  often  great  distances  before  they  are 
deposited.  In  this  way  infectious  particirs  from  domes- 
tic dust  heaps  and  dried  excreta  may  be  caught  up  anc 
ivirricd  into  the  air. 

Air  is  vitiated   by  rapiralton  of  men  and  animah  ;    ^ 
tombttiiioH  of  coat,  gas,  oil,  &k.;  by  fermentation  and  pntrt- 
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faction  of  animal  and  vegetable  organic  matters;    by  various 
trade  and  manufacturing  processes. 


Vitiation  by  Respiration. 

An  adult  individual  at  rest  breathes  at  the  rate  of 
about  seventeen  respirations  a  minute.  At  each  re- 
spiration about  500  c.c.  (30-5  cubic  inches)  of  air  pass 
in  and  out  of  his  lungs.  The  air  in  the  lungs  loses  4  to 
5  per  cent,  of  oxygen,  which  is  absorbed  by  the  blood 
in  the  pulmonary  capillaries,  and  gains  carbonic  acid 
from  the  venous  blood  to  the  extent  of  about  4  per  cent. 
The  nitrogen  remains  unchanged.  In  addition,  the 
expired  air  is  raised  in  temperature  to  nearly  that  of  the 
blood,  98-4°  F. ;  it  is  saturated  with  aqueous  vapour, 
and  contains  a  considerably  larger  proportion  of  putre- 
fiable  organic  matters  than  the  air  which  is  inspired. 

The  amount  of  carbonic  acid  which  is  given  off  by  an 
adult  male  person  at  rest  can  be  calculated  from  the 
above  figures,  and  will  be  found  to  be  072  cubic  foot 
in  one  hour.  From  actual  experiment  it  has  been 
determined  that  an  average  adult  gives  off  0-9  of  a 
cubic  foot  of  CO,  during  gentle  exertion,  and  as  much 
as  1-8  during  hard  work.  The  adult  female  gives  off 
about  one-third  less  of  each  of  these  quantities  under 
similar  circumstances,  and  an  infant  is  said  to  give  off 
about  0-5  cubic  foot  of  CO,  per  hour.  In  a  mixed 
assembly  of  male  and  female  adults  and  children  the 
CO,  given  off  per  head  is  therefore  taken  as  o'6  of  a 
cubic  foot. 

The  organic  matter  given  off  by  the  skin  and  lungs 
varies  with  the  individual  and  his  state  of  health.  It 
consists  of  vapour  from  the  lungs,  of  suspended  matters 
(epitticlial  and  fatty  debris)  from  the  mouth,  and  of 
volatile  fatly  acids  from  the  skin  ;  it  is  niUog.enovL^  -av^^ 
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oxidizable,  and  very  rapidly  putrefies.  It  is  also  ab- 
sorbed by  hygroscopic  substances,  such  as  wool, 
feathers,  and  moist  paper ;  and  is  noticeable  by  smell 
in  the  air  of  an  inhabited  room,  when  the  CO,  exceeds 
0'o6  per  cent.  This  foul  organic  matter  is  probably  the 
substance  which  renders  air  much  vitiated  by  respira- 
tion so  peculiarly  deleterious  to  health ;  but  the  most 
recent  research  rather  points  to  the  view  that  excess  of 
CO,  and  deficiency  of  O  also  play  a  considerable  part 
in  the  deterioration  of  health  due  to  breathing  vitiated 
air,  combined  possibly  with  the  high  temperature  of  the 
air. 

The  amount  of  watery  vapour  given  off  by  the  lungs 
and  skin  is  about  550  grains  per  hour — enough  to  satu- 
rate 90  cubic  feet  of  air  at  a  temperature  of  60°  F. 

Inasmuch  as  foul  organic  matters  are  present  in  air 
vitiated  by  respiration,  very  much  in  proportion  as  the 
CO,  is  in  excess  and  the  oxygen  diminished,  anti  as  the 
amount  of  CO,  is  estimated  so  much  more  easily  than 
the  organic  matters,  it  is  usual  to  judge  of  the  foulness 
of  the  air  of  inhabited  places  by  the  excess  of  CO,  in  it. 
The  organic  matters  in  an  inhabited  room  are  difficult 
to  get  rid  of  even  by  free  ventilation — unlike  the  CO„ 
which,  being  nearly  equally  diffused  throughout  the 
apartment,  is  rapidly  removed  when  there  is  a  com- 
munication with  the  external  air. 

The  number  of  microbes  present  in  air  vitiated  by 
respiration  seems  to  bear  no  very  definite  relation  to  the 
amount  of  CO,  gas  present.  This  is  not  to  be  wondered 
at  when  we  know  that  the  greatest  numbers  of  microbes 
are  found  in  the  air  which  contains  the  largest  amount 
of  dust,  and  that  the  air  of  inhabited  places  may  l)e 
stagnant  and  therefore  free  from  dust,  although  much 
polluted  by  rcs.piration.  It  appears  also  that  the 
microbes  and  dust  particles  in   the  air  wc  breathe  do 
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not  as  a  rule  reach  the  hings,  but  adhere  to  the  moist 
membranes  Hning  the  mouth,  nose,  and  throat,  and 
are  got  rid  of  by  the  mucous  excretions  of  these  mem- 
branes. The  air  reaching  the  lungs  is  consequently, 
as  a  rule,  sterile  ;  and  the  respired  air  is  also  devoid  of 
organisms.  It  is  probable  that  the  infective  organisms 
present  occasionally  in  the  air  are  absorbed  into  the 
system,  after  being  deposited  on  the  mucous  surfaces  of 
the  nose,  tonsils,  or  palate,  and  only  occasionally  reach 
the  air  cells  or  bronchi  of  the  lungs. 

The  purity  of  the  air  in  dwelling  rooms  depends  upon 
the  amount  of  cubic  space  for  each  individual  and  the 
facilities  afforded  for  entrance  of  fresh  and  exit  of  foul 
air.  Where  these  points  arc  properly  attended  to,  the 
air,  although  rather  more  impure  than  the  external 
atmosphere,  will  not  be  productive  of  injury  to  health. 
In  those  extreme  cases  wliere  many  people  are  crowded 
together,  and  the  ventilation  is  totally  inadequate,  the 
air  often  becomes  sufficiently  impure  to  cause  headache, 
lassitude,  nausea,  and  fainting.  In  the  pit  of  a  theatre 
at  11.30  p.m.,  Dr.  Angus  Smith  found  the  oxygen 
reduced  to  20"74  per  cent. ;  and  in  the  old  court  of 
Queen's  Bench  in  1866  the  oxygen  on  one  occasion  was 
as  low  as  20'65.  In  a  schoolroom  crowded  with  seventy 
girls  Pettenkofer  found  the  carbonic  acid  to  exist  in  the 
air  to  the  extent  of  0.723  per  cent.,  or  nearly  twenty 
times  the  amount  normally  present  in  air ;  whilst 
the  organic  matter,  measured  as  albuminoid  ammonia 
(usually  present  in  pure  air  to  the  extent  of  o'oS  milli- 
gramme per  cubic  metre)  has  been  found  in  the  ward 
of  a  hospital  to  reach  1-3  milligrammes  per  cubic  metre 
of  air. 

The  above  figures  represent  in  each  case  excessively 
foul  atmospheres ;  all  intermediate  conditions  of  air, 
varying  according  to  circumstance,  may  be  (ovkuA  \u  \Ja.e. 


different  kinds  of  inhabited  rooms  and  dwellings.  The 
long-continued  breathing  of  even  much  less  vitiated  air 
than  the  above  samples  is,  perhaps,  one  of  the  chief 
causes  of  rickets  in  children,  and  tends  to  produce  a 
lowered  state  of  vitality  in  older  people,  characterized 
by  anaemia,  dyspepsia,  and  lassitude.  People  in  this 
lowered  condition  of  health,  which  is  very  common 
amongst  those  who  spend  the  greater  portion  of  every 
day  indoors,  in  offices,  schools,  workrooms  and  factories, 
offer  much  less  resistance  to  attacks  of  acute  disease 
than  do  people  who  live  out-of-door  lives  ;  and  they  are 
greatly  niore  subject  to  all  chronic  and  wasting  diseases. 
Dr.  Ogle's  researches  have  shown  that,  of  all  the  indus- 
trial classes,  those  which  are  the  healthiest  and  have 
the  lowest  death  rates  are  the  gardeners,  farmers,  agri- 
cultural labourers,  and  fishermen — those,  namely,  whose 
occupations  are  carried  on  in  the  open  air.  The  death 
rate  from  phthisis  in  these  classes  is  only  half  that  of  the 
male  community  generally,  and  they  enjoy  about  the 
same  amount  of  freedom  from  diseases  of  the  respiratory 
organs.  Differences  in  food  or  housing  accommodation 
cannot  account  for  the  comparative  freedom  of  these 
classes  from  pulmonary  disease. 

The  causal  relation  subsisting  between  foul  air,  pro- 
duced by  overcrowding  and  insufficient  ventilation,  and 
phthisis  is  now  generally  recognized.  The  most  con- 
vincing proofs  of  such  a  relation  are  to  be  found  in  the 
comparative  immunity  enjoyed  by  soldiers,  sailors,  and 
prisoners  at^thej  present  time  from  this  disease.  For- 
merly, owing  to  the  very  limited  amount  of  cubic  space 
allotted  per  head,  and  the  disregard  paid  to  ventila- 
tion, phthisis  was  considerably  more  prevalent  among 
soldiers,  Royal  Navy  sailors  and  marines,  and  prisoners 
ia  His  Maj<^-sty's  gaols  than  amongst  the  males  of  the 
same  age  in  the  classes  from  which  they  were  derived. 
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At   the  present  time,  other  conditions,  such  as  food, 
^xercise,  &c.,  remaining  mucli  the  same,  the  death  rate 
^fom   phthisis  is  considerably  less  amongst  these  ser- 
vants and  prisoners  of  the  State  than  amongst  the  civil 
population. 

The  theory  of  the  contagiousness  of  phthisis,  long  ago 
Field  by  those  who,  like  Dr.  Bryson,  had  observed  the 
rapidity  with  which  destructive  lung  diseases  spread  in 
an  overcrowded  community,  has  received  the  strongest 
confirmation  from  the  discovery  by  Koch  of  the  tubercle 
bacillus,  an  organism  invariably  present  in  tubercular 
deposits,  but  not  found  in  any  other  disease.  The 
tubercle  bacillus  is  present  in  the  sputa,  and  may  be 
thus  transferred  through  the  air  as  dust  from  dried 
sputa,  to  the  lungs  of  the  healthy,  under  conditions  of 
too  close  crowding,  but  not  apparently  where  matters  of 
^xubic  space,  cleanliness,  and  ventilation  are  attended  to, 
^fc  phthisis  is  not  found  to  spread  in  the  well-ventilatcd 
wards  of  general  hospitals.  Whatever  the  explanation 
may  be,  it  seems  clear  that  phthisis  is  intimately  con- 
nected with  air  vitiated  by  the  products  of  respiration, 
or  by  the  moisture  and  organic  effluvia  arising  from 
damp  and  dirty  soils,  and  that  if  such  conditions  are 
absent  its  capability  of  spreading  is  very  limited. 

The  excessive  incidence  of  disease  on  the  inmates  of 
back-to-back  houses,  in  which  there  can  be  no  through 
ventilation  and  circulation  of  air,  has  been  well  estab- 
lished. 

Acute  diseases  of  the  lungs,  especially  bronchitis  and 
pneumonia,  are  very  prevalent  amongst  those  who  live 
in  heated,  overcrowded  rooms.  The  relation  of  pneu- 
monia to  vitiated  air  is  especially  interesting,  as  this 
disease  occasionally  appears  to  take  on  an  epidemic 
form  and  to  he  infectious.  In  some  cases  of  acute 
infectious  pneumonia,  a  micrococcus  has  been  fouwd  va 
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tFie  diseased  tissues  which  has  been  supposed  to  be  tl 
specific  cause  of  the  disease. 

An   extensive  outbreak   of    epidemic   pneumonia   a| 
Middlesbrougl)  was  investigated  by  Dr.  Ballard.     Th< 
disease,  wliich  was  distinctly  infectious,  had  an  c.xccp-1 
tional  incidence  on  males  above  the  age  of  fifteen.     The 
contagion  was  apparently  transported  directly  througl: 
the  air,  by  means  of  the  breath,  from  the  sick  to  th« 
healthy,  and  also  by  means  of  infected  sewer  and  draL 
emanations,    and    by   food.       Dr.    Klein    discovered 
bacillus,  in  the  lung  juice  and  fresh   sputa,  whicli   hc 
regards  as  specific. 

The  zymotic  diseases  generally  are  more  prevalent 
amongst  overcrowded  populations  than  amongst  tlios 
wIjo  are  better  lodged  ;  but  this  may  be  accounted  foe 
by  the  inability  to  isolate  infectious  cases,  and  conse«i 
qucntly  the  ease  with  which  contagious  particles  pas 
from  the  bodies  of  the  sick  to  those  of  the  healthy.  Air 
vitiated  by  the  ordinary  products  of  respiration  of  a 
healthy  person  may  produce  illness,  but  cannot  be  pro- 
ductive of  a  specific  disease. 

In  this  connection  we  may  consider  the  contaminat 
of  air  by  exhalations  from  the  person  generally.  1 
disagreeable  odour  perceived  in  the  near  neighbourhc 
of  dirty  people  arises  from  exhalations  of  putrid  organic| 
matters  from  their  bodies  and  clothes.  The  air  of 
London  police  court  furnishes  a  striking  example  of  such 
air  pollution.  Hut  it  is  especially  the  exhalations  from 
the  sick  that  arc  important  and  require  notice,  from  tlie 
part  which  they  play  in  propagating  disease. 

In  the  air  of  ill-ventilated  sick  rooms  and  liospitalj 
wards  the  debris  of  dried  epithelial  scales  and  pus  celiaj 
may  often  Ik;  found  floating.     These  matters  are  especi- 
ally fiKijuenl  in  wards  where  many  of  the  patients  have' 
purulent  discliarges  from  suppurating  wounds  or  copious 
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expectoration  from  the  lungs,  and  are  usually  accom- 
panied by  an  abundance  of  spores  of  fungi  and  bacteria, 
and  large  excess  of  organic  matters  generally  in  tlie  air. 
In  many  persons  the  breathing  of  such  polluted  air 
causes  an  immediate  effect  on  the  throat  and  tonsils, 
passing  sometimes  into  acute  tonsillitis  or  hospital  sore 
throat.  Its  effect  in  increasing  the  severity  of,  and  in 
retarding  recovery  and  convalescence  from  acute  disease, 
is  now  generally  recognised.  Patients  suffering  from 
erysipelas,  ophthalmia,  pya-mia,  septicemia,  and  hospital 
gangrene,  arc  undoubtedly  infectious  to  those  who  have 
open  wounds.  The  contagious  particles  (pyogenic  micro- 
organisms of  various  kinds) — contained  in  dried  epitlielial 
scales  and  pus  cells — may  be  transferred  through  the  air 
from  patient  to  patient ;  and  often  no  measure  short  of 
emptying  the  ward  appears  to  be  of  any  avail  to  stop  an 
epidemic  once  begun.  In  times  not  very  far  distant, 
these  diseases  were,  in  the  surgical  wards  of  many 
hospitals  and  infirmaries,  almost  constantly  present. 
Freer  ventilation,  improved  sanitary  arrangements,  and 
the  antiseptic  treatment  of  wounds  and  injuries,  have 
almost  eradicated  such  calamities  from  modern  hospital 
practice. 

The  transinissibility  of  the  acute  specific  fevers  through 
the  air  from  the  bodies  of  the  sick  is  universally  recog- 
nised, but  not  so  the  infectiousness  of  phthisis,  diplithcria, 
and  typhoid  fever;  and  it  is  usual  even  now  to  place  such 
cases  in  wards  occupied  by  patients  suffering  from  dif- 
ferent diseases.  In  the  light  of  recently  acquired  know- 
ledge this  is  a  practice  not  unattended  with  danger,  and 
a  feeling  is  gaining  ground  that  special  wards  should  be 
provided  for  these  three  diseases  no  less  than  for  cases 
of  erysipelas,  pya?mia,  and  hospital  gangrene.  It  is 
possible  that  parasitic  skin  diseases  may  spread  through 
the  air,  for  sporules  and  mycelia  of  Trkophyton  tonsurans 


■  and  Achorion  Scltdnleniii  have  been  found  floating  in  the 
H  atmosphere  of  wards  occupied  by  patients  suffering  from 
H       diseases  of  the  skin. 


Vitiation  by  Combustion. 


There  are  three  kinds  of  mineral  coa! — anthracite  or 
smokeless  coal,  bituminous  coal,  and  lignite.  Bitumin- 
ous coal  is  used  exclusively  in  the  manufacture  of  illu- 
minating gas.  Anthracite  is  a  sort  of  natural  coke,  most 
of  its  gases  having  been  driven  off  during  the  process  of 
formation.  The  bituminous  kind  is  the  only  one  used  for 
domestic  fireplaces,  although  anthracite,  being  smokeless 
(no  soot),  when  used  in  properly  constructed  stoves, 
would  be  far  preferable.  Bituminous  coal  when  burnt 
in  an  open  fireplace  gives  off  nearly  three  times  its 
weight  of  carbonic  acid,  small  quantities  of  carbonic 
oxide,  sulphurous  acid,  bisulphide  of  carbon  and  sul- 
phuretted hydrogen,  and  steam.  About  i  per  cent,  is 
given  off  as  fine  particles  of  carbon  or  soot  and  tarry 
matters.  One  pound  of  coal  requires  340  cubic  feet  of 
air  for  complete  combustion. 

Illuminating  gas  is  obtained  by  the  destructive  distil- 
lation of  coal  in  retorts,  without  access  of  air.  The  gas 
is  subsequently  purified  by  condensation  to  remove  tar 
and  water,  and  its  temperature  is  reduced  to  about 
60°  F.  If  the  temperature  of  the  gas  is  lowered  below 
58'  F.,  naphthaline  and  other  valuable  illuminants  are 
deposited,  and  the  gas  is  impoverished.  The  crude  gas 
is  then  passed  through  a  scrubber,  which  is  .1  large 
chamber  so  arranged  as  to  offer  a  large  surface,  con- 
stantly sprayed  with  water,  to  the  gas.  The  water 
absorbs  nearly  the  whole  of  the  ammonia  from  the  gus, 
and  a  certain  quantity  of  the  ammonia  and  sulphur 
compounds.      This  water  impregnated   with  ammonia 
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and  its  compounds  forms  the  "gas  liquor"  or  crude 
ammoniacal  liquor  of  commerce.  The  gas  is  then  led 
on  to  the  purifiers,  formed  of  lime  or  sesquioxide  of 
iron,  or  both,  and  here  the  carbonic  acid,  sulphuretted 
hydrogen,  bisulphide  of  carbon,  sulphocyanides,  and 
other  oflfensive  sulphur  compounds,  are  removed,  or  at 
least  reduced  in  the  gas  to  a  practically  non-injurious 
quantity.  The  standard  adopted  by  tlie  Metropolitan 
Gas  Referees  requires  all  gas  to  be  quite  free  from  sul- 
phuretted liydrogen  ;  the  maximum  of  sulphur  (in  com- 
pounds other  than  lIjS)  must  not  exceed  17  grains  per 
100  cubic  feet,  nor  the  ammonia  4  grains  per  100  cubic 
feet. 

When  purified,  coal  gas  contains,  on  an  average: — 
hydrogen  47  per  cent.,  marsh  gas  35  per  cent.,  carbonic 
oxide  6  per  cent.,  illuminants  (ethylene,  acetylene)  6  per 
cent.,  carbonic  acid  i  per  cent.,  nitrogen,  sulphurous  acid, 
&c.,  5  per  cent.  The  products  of  combustion  of  coal  gas 
are  nitrogen  67  per  cent.,  water  16  per  cent.,  carbonic  acid 
7  per  cent.,  carbonic  oxide  variable— least  when  com- 
bustion is  most  perfect — sulphurous  acid  and  ammonia. 
One  cubic  foot  of  average  gas  combines  with  the  oxygen 
of  from  5  to  8  cubic  feet  of  air,  and  produces  when  burnt 
about  i  cubic  foot  of  CO,,  and  from  02  to  0'5  grain  of 
SOj,  and  is  able  to  raise  the  temperature  of  31,290  cubic 
feet  of  air  1°  F.  One  cubic  foot  of  CO,  is  produced  by 
the  combustion  of  about  300  grains  of  oil  in  a  lamp. 

A  common  gas  burner  consumes  on  an  average  about 
4  cubic  feet  of  gas  per  hour,  and  furnishes,  therefore, 
about  2  cubic  feet  of  COj  in  that  time.  If  this  CO,  is  to 
be  brought  down  to  o-6  per  mille,  10,000  cubic  feet  of 
fresh  air  would  have  to  be  supplied  per  hour  for  each 
such  burner.  But  this  is  not  necessary,  for  I  he  CO, 
from  such  a  source  is  not  associated  with  the  harmful 
organic  impurity  which  accompanies  that  derived  trom 
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human  respiration ;  and  indeed,  when  adequate  mea- 
sures are  aiiopted  for  purifyinf^  coal  gas,  its  pro<Iucts  of 
combustion  contain  but  little  impurity.  It  will,  therefore, 
be  sufficient  to  dilute  the  CO,  from  such  a  source  to 
bring  it  to  about  o-8  or  even  i  part  per  1,000;  and  it  is 
generally  held  that  about  1,200  cubic  feet  of  fresh  air 
supply  is  amply  sufficient   for  every  cubic   foot  of  gas 

t  consumed.  A  "standard  "sperm  candle  (six  to  the 
pound),  and  burning  1 20  grains  per  hour,  gives  off  about 
0-4  cubic  foot  of  CO,  per  hour;  and  about  1,000  cubic 
feet  of  fresh  air  should  be  supplied. 

All  these  products  of  combustion  eventually  escape 
into  the  outer  air,  where  they  are  rapidly  diffused  an<l 
diluted,  with  the  exception  of  the  sooty  particles  which 
accumulate  in  the  lower  strata  of  the  atmosphere  and 
arc  only  dispersed  by  strong  winds  and  rain.  Tlie 
sulphurous  acid  in  the  air  of  towns  may  cause  the  rain 
to  be  acid,  and  has  a  very  destructive  effect  on  vegeta- 
tion, mortar,  and  the  softer  kinds  of  building  stone. 
The  products  of  combustion  of  coal  gas  usually  escape 
into  the  air  of  the  rooms  where  the  gas  is  burnt,  and 
serve  to  intensify  the  ill-eflTects  on  Iiealth  of  air  already 
vitiated  by  respiration.  Carbonic  acid  when  present  in 
the  air,  even  to  the  extent  of  2  per  cent.,  if  unmixed  with 
other  impurities,  appears  to  have  no  very  injurious  action 
on  health;  but  al)0ve  this  quantity  it  produces  headaclie 
and  nausea,  and  if  present  to  the  extent  of  to  per  cent., 
or  even  less,  it  produces  rapidly  fatal  results.  Carbonic 
oxide,  on  the  other  hand,  is  very  poisonous.  As  little  as 
0'4  per  cent,  in  the  air  may  cause  death  from  aspliyxia, 
the  gas  uniting  with  the  haemoglobin  of  the  red  corpus- 
cles and  displacing  the  oxygen,  so  that  the  red  corpuscles 
can  no  longer  act  as  carriers  of  oxygen  to  the  tissues, 
and  failure  uf  the  chief  nervous  centres  results.  1( 
therefore  acts  as  a  powerful  narcotic,  and  exerts 
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efl*ects  in  a  most  iasidious  manner :  for  being  destitute 
of  odour  and  not  causing  any  irritation  of  the  air- 
passages  when  inhaled,  it  may  be  breathed  uncon- 
sciously by  the  victim,  who  quickly  experiences  a  loss 
of  tlie  power  of  movement,  and  even  of  any  desire  to 
make  an  efifort  to  escape  from  the  poisoned  atmosphere. 
The  sulphurous  acid  atid  soot  in  the  general  air  of 
towns  like  Manchester,  Liverpool,  and  London,  appear 
to  have  no  very  marked  effect  on  healthy  people ;  but 
they  are  undoubtedly  injurious  to  many  asthmatics  and 
to  people  suffering  from  bronchitis.  During  dense  fogs 
the  mortality  from  lung  diseases  always  increases. 
Yellow  town  fogs  are  due  to  the  suspended  particles  of 
moisture  in  the  air  (which  constitute  a  mist)  becoming 
enveloped  in  a  greasy  coat  of  mixed  carbon  and  hydro- 
carbons. The  mist  is  thus  rendered  yellow  and  opaque, 
the  light  of  the  sun  cannot  penetrate,  whilst  the  sulphu- 
rous products  contained  in  the  fog  are  extremely  irritat- 
ing to  the  respiratory  mucous  membranes. 

Corfield  has  called  attention  to  cases  of  relaxed  and 
ulcerated  sore  throat  caused  by  slight  escapes  of  coal 
gas  into  houses  by  defective  pipes  and  burners.  Coal 
gas  also  occasionally  finds  its  way  into  houses  from 
leaky  or  fractured  mains  in  the  street.  The  gas  passes 
through  the  soil  and  escapes  under  the  basement  floor, 
or  even  finds  its  way  up  the  walls  behind  panelling. 
When  the  escape  is  large  in  amount,  the  effects  produced 
on  persons  inhaling  the  gas  arc  of  an  aspliy.xial  type  due 
to  the  contained  carbonic  oxide;  but  when  the  escape  is 
small,  but  long  continued,  the  sulphur  compounds,  and 
especially  the  bisulphide  of  carbon,  appear  to  be  the 
injurious  factors  affecting  the  throat.  These  effects  of 
escape  of  gas  would  probably  be  most  intense  where  the 
gas  is  insufficiently  purified  after  manufacture. 

The  method  usually  adopted  for  testing  the  soundness 
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of  gas  pipes  and  fittings  is  to  subject  them  to  air- 
pressure  by  means  of  a  force  pump.  A  pressure  gauge 
is  attached  to  one  of  the  burners,  and  air  is  forced  into 
some  other  connected  pipe  until  a  pressure  of  5  or  6 
inches  of  water  is  registered  on  the  gauge,  when  the 
stopcock  on  the  force  pump  is  closed.  If  the  pressure 
gauge  reading  is  not  maintained  after  a  few  minutes, 
the  pipes  or  fittings  are  not  sound. 

Sulphur  compounds  may  also  gain  access  to  the 
atmosphere  of  occupied  rooms  from  leaky  chimney  flues. 
A  chimney  flue  may  be  tested  very  much  as  a  drain; 
the  outlet  should  be  sealed  from  the  roof,  and  one  or 
more  smoke  rockets  discharged  from  the  fire-place,  the 
opening  of  which  must  be  subsequently  sealed  with  a 
large  piece  of  gummed  paper;  the  smoke  will  then 
escape  at  any  defective  parts  of  the  flue. 

Vitiation  of  Air   from   Decomposition   of   Organic 
Matters. 

Animal  and  vegetable  organic  matters  in  cesspools 
and  in  badly  constructed  sewers  and  drains  ferment  and 
putrefy,  disengaging  gases,  some  of  which  are  fa-tid 
and  highly  complex  bodies,  probably  cartx)-ammoniacal 
and  allied  in  chemical  constitution  to  the  compound 
ammonias  (mcthylainine  and  ethylaniine),  whilst  others 
arc  the  simple  gases,  carbonic  acid,  sulphuretted  hydro- 
gen, ammonium  sulphide,  carbon  bisulphide,  carburcttcd 
hydrogen,  nitrogen,  &c.  Kecent  research  tends  to  show 
that  the  organic  vapours  arising  from  decomposition  of 
animal  substances  may  contain  traces  of  the  animal 
alkaloidal  substances— ptomaines  and  leucomafnes — 
\vliirh  aru  contained  in  the  fwcal  and  urinary  excretions 
of  the  animal  body,  and  which  exert  a  directly  poisonous 
action  on  the  system.     The  carbo-ammoniacal  vapours 
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have  a  strongly  offensive  odour,  and  are  found  in  the  air 
of  cesspools  and  sewers  where  fermentative  processes 
are  in  action.  The  suspended  particles  in  cesspool  or 
sewer  air  are  dead  organic  debris  and  living  organized 
germs  (bacteria,  moulds,  and  fungi,  and  their  spores). 

The  micro-organisms — the  bacteria  and  fungi — are 
the  constituents  of  sewer  air  to  which  attention  has 
been  lately  most  directed.  The  earlier  researches  on 
the  subject  were  for  want  of  means  necessarily  very 
inadequate.  The  net  result  of  the  later  observations 
is  to  show  that,  contrary  to  what  might  have  been 
expected,  sewer  air  is  under  ordinary  conditions 
remarkably  free  from  the  microbes  which  are  capable 
of  cultivation  on  solid  nutrient  media  at  ordinary  tem- 
peratures. By  ordinary  conditions  are  meant  sewers  of 
modern  construction,  well  laid  with  good  gradients,  and 
comparatively  free  from  deposits,  the  result  of  stagnation. 

Several  observers  have  shown  that  sewer  air  may 
even  possess  a  relatively  less  number  of  microbes, 
capable  of  forming  colonies  on  cultivation,  than  the 
atmospheric  air  outside  ;  and  Mr.  Parry  Laws' investi- 
gations tend  to  prove  that  the  microbes  in  sewer  air  are 
derived  from  the  organisms  usually  present  in  atmo- 
spheric air,  and  are  not  identical  with  those  usually 
found  in  sewage.  The  microbes  in  sewer  air  are  chiefly 
moulds,  whilst  those  in  sewage  belong  to  the  class  of 
bacilli  (see  p.  155).  The  explanation  appears  to  be  that 
the  internal  walls  of  sewers  are  more  or  less  wet  or 
moist,  and  it  is  assumed,  probably  with  reason,  that  the 
microbes  in  the  sewer  air  adhere  to  the  damp  surfaces, 
and  are  thus  prevented  from  floating  in  the  air.  This 
reasoning  is  strengthened  by  what  is  already  known  of 
the  presence  of  microbes  in  atmospheric  air  generally  ; 
for  in  dry  dusty  weather  they  are  found  in  far  larger 
numbers  than  in   damp  weather  or  after  rainfall.     In 
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well  made  sewers  (he  sewage  is  borne  away  from  tl 
houses  in  a  fresh  and  undecomposed  condition ;  but  i 
old  and  defective  sewers,  and  even  in  moderately  goo 
ones  when  the  temperature  of  the  air  is  high,  and  th 
amount  of  diluting  water  is  small — as  during  hot  an 
dry  summers — putrefactive  bacteria  undergo  enormou 
multiplication,  fermentative  changes  are  set  up  in  th 
sewage,  and  gases  are  formed  which  bubble  up 
break  upon  the  surface  of  the  liquid. 

It  was  demonstrated  as  long  ago  is  1871  by  Prof« 
Frankland,  that  liquids  flowing  smoothly  in  channel 
give  off  no  solid  particles  to  the  air,  and  that  even  coi 
siderable  agitation  rcsulling  in  frothing  may  not  caus 
any  perceptible  increase  of  the  solid  particles  in  tfa 
superincumbent  air,  but  that  the  bursting  of  bubbles  ( 
gas  in  a  liquid  had  a  marked  effect  in  disseminatin 
solid  particles.  These  experiments  have  been  repeate 
and  extended  by  subsequent  observers,  and  there  can  I 
little  doubt  but  that,  given  stagnation  and  putrefactio 
of  sewage  and  defective  sewer  ventilation,  scwcr  air  wi 
contain  an  abundance  of  micro-organisms  of  differei 
kinds.  The  experiments  of  Haldane  and  Carnell; 
which  have  been  recently  made,  also  show  that  splasi 
ing  in  a  sewer,  which  may  be  caused  by  branch  draii 
entering  near  the  crown  of  the  sewer,  is  producti 
dissemination  of  micro-organisms  in  the  air. 

From  the  above  results  it  might  be  inferred 
Ecwer  or  drain  air  is  only  likely  to  be  injurious  vil 
the  contained  sewage  is  undergoing  putrefaction, 
thai,  as  :t  foul  odour  is  the  invariable  accompanimcnTi 
putridity,  offcnsiveness  is  a  sufficient  criterion  of  possib 
danger  to  health.  On  this  point,  practical  experience  1 
a  certain  extent  supports  such  theoretical  reasonin). 
towns  which  have  adopted  improved  sewerage  ha! 
lowered  their  death  rates,  especially  the  enteric  ^M 
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and  diarrhoea  mortality.  But  it  must  be  remembered 
that  the  qiuntity  of  bacterial  organisms — of  which  the 
vast  proportion  are  harmless — is  no  index  of  the  quality. 
Under  certain  unknown  conditions,  sewer  air  is  danger- 
ous to  breathe  whether  derived  from  fresh  or  putrid 
sewage,  and  the  assumption  that  sewer  air  is  harmless 
because  it  may  contain  but  few  demonstrahle  organisms — 
and  those  not  of  the  species  commonly  present  in  sewage 
itself— is  utterly  unwarranted.  All  we  can  assume  is 
that  there  is,  a  priori,  a  greater  probability  of  noxious 
germs  being  present  when  the  total  number  is  large  than 
when  it  is  small. 

The  effects  on  health  produced  by  the  inhalation  of 
the  products  of  decomposition  of  the  animal  and  vege- 
table organic  matters  contained  in  drains,  cesspools, 
and  sewers,  are  various.  Occasionally,  as  when  choked 
drains  or  foul  cesspools  and  privies  have  been  opened 
and  cleaned  out,  acute  mephitic  poisoning  has  resulted, 
the  symptoms  being  sudden  and  violent  vomiting,  purg- 
ing, and  headache,  followed  by  acute  prostration,  some- 
times fatal.  Amongst  the  Paris  scavengers  who  empty 
cesspools,  partial  asphyxia  appears  not  to  be  uncom- 
mon, and  is  probably  due  to  the  excessive  amount  of 
sulphuretted  hydrogen  disengaged  when  the  contents 
of  the  cesspools  are  stirred  up,  and  the  very  low  pro- 
portionate volume  of  oxygen. 

As  a  rule,  the  injurious  effects  of  drain  and  sewer  air 
may  be  attributed  to  the  organic  matters  with  which  it  is 
so  often  laden.  This  is  especially  the  case  when  people 
are  exposed  to  escapes  of  drain  or  sewer  air  into  houses 
for  a  long  period.  The  dose  of  the  poison  may  not  be 
sufficiently  great  at  any  one  time  to  cause  the  acute 
symptoms  above  described ;  but  the  long  continued  in- 
halation of  diluted  sewer  air  tends  to  produce  a  general 
loss  of  health  (especially  in  children),  which  is  shown  in 
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various  ways,  as  by  anaemia,  loss  of  appetite,  prostratioaJ 
diarrhcea,  fever,  headache,  vomiting,  and  sore   throat/ 
one  or  more  of  these  symptoms  being  usually  more 
prominent  than  the  rest ;  or  it  may  be  that  only  a  con- 
dition of  depressed  vitality  is  produced,  which  ofl'ers  but 
slight  resistance  to  attacks  of  acute  disease. 

Occasionally  a  severe  form  of  tonsillitis  attacks  the'' 
occupants  of  a  badly  drained  Jiouse.     This  form  of  ton- 
sillitis, which  is  now  generally  recognised  as  "sewer  air 
throat,"  is  marked  by  great  inflammatory  swelling  of 
the  tonsils,  very  foul  tongue,  and  gastric  derangement, 
accompanied   by  severe  headache  and  intense  depres- 
sion.    The  temperature  of  the  body  is  often  not  much, 
raised,  certainly  not  to  a  height  proportionate  to  the 
severe  symptoms ;   and  this  low  temperature,  together 
with  the  intense  prostration,  are  characteristic  of  many, 
illDCSses  resulting  from  the  entrance  of  sewer  polluted] 
air  or  water    into   the   system.      Symptoms  of  blood- 
poisoning,  as  shown  by  petechial  rashes,  glandular  en-J 
largements,  lymphangitis,  albuminuria,  and  fever,  hav< 
been  noted  by  some  observers,  and  attributed  to  long] 
continued  exposure  to  drain  or  sewer  air  escapes  inloj 
houses.     To  what  particular  constituents  of  sewer  ail 
we  are  to  attribute  these  and  allied  illnesses,  it  is  difficultl 
to  determine.     The  attacks  of  tonsillitis,  diarrhcra,  &c.,1 
arc  not  protective  from  future  attacks;  and  although 
there  is  some  evidence  of  the  "  sewer  air  throat  "  bcingj 
contagious  and  directly  transmissible    from    person   to] 
person,  it  is  equally  likely  that  examples  of  apparently! 
direct  contagion  are  really  due  to  exposure  to  a  common/ 
cause. 

Inquiries  have  from  time  to  time  been  made  into  the 
health  of  sewer  men,  who  arc  constantly  engaged  in 
flushing  and  removing  deposits  from  sewers.  The 
results  of  such  investigations  lead  rather  to  the  be 
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that  the  constant  breathing  of  sewer  air  is  not  injurious 
to  health  and  hfe.  But  it  must  be  remembered  tliat 
these  are  picked  men  in  the  prime  of  life,  who,  now  at 
any  rate,  generally  work  in  well  ventilated  sewers,  where 
the  air  is  not  abnormally  foul,  and  that  these  inquiries 
have  not  been  very  exhaustive.  It  appears,  too,  that 
they  suffer  somewhat  from  ophthalmia,  and  that  the 
occupation  tends  greatly  to  aggravate  venereal  disease. 
The  work  is  certainly  unsutted  to  some  constitutions,  as 
many  men  are  obliged  to  give  it  up  after  a  short  trial. 

It  seems  only  fair  to  assume  now,  in  the  light  of  our 
present  knowledge,  that  the  men  engaged  in  this  occu- 
pation undergo  a  species  of  preventive  inoculation, 
or  acclimatization,  so  to  speak,  to  the  influences  to 
which  they  are  exposed.  The  long  continued  inhala- 
tion or  ingestion  of  tainted  air  may  be  considered  as 
conferring  immunity  upon  the  individual  so  occupied 
from  diseases  bred  by  sewer  air,  which  would  readily 
attack  one  whose  system  had  not  been  exposed  to  the 
acclimatizing  process.  Such  an  occurrence  offers  a 
specious  explanation  of  the  good  health  and  freedom 
from  infectious  disease  enjoyed  by  sewer  men  and 
scavengers  generally. 

Diarrhoea  and  dysentery  are  sometimes  caused  by 
breathing  air  contaminated  with  excretal  emanations. 
This,  indeed,  seems  to  be  one  of  the  chief  causes  of  the 
summer  diarrhoea  which  is  so  common  in  a  hot  and  dry 
season  in  the  badly  drained  districts  of  large  towns. 

There  is  now  being  accumulated  a  very  considerable 
body  of  evidence  to  show  that  puerperal  fever  may  be 
produced  by  sewer  or  drain  emanations  finding  their 
way  into  the  cliamber  of  a  lying-in  woman.  Erysipelas, 
pyaemia,  septicaemia,  and  hospital  gangrene,  if  not 
caused  by  such  emanations,  are  certainly  favoured  by 
conditions  of  exqretally  polluted  air. 
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The  possibility  of  enteric  fever  being  caused  by  in- 
haling specifically  infected  sewer  air  is  now  the  sul>ject 
of  dispute.  Certainly  the  more  frequent  mode  of  origin 
is  the  drinking  of  specifically  polluted  water.  Outbreaks 
of  the  fever,  however,  have  been  recorded  in  many  in- 
stances where  the  water  was  not  at  fault,  where  the 
passage  of  infected  sewer  or  cesspool  air  into  houses 
was  a  proved  possibility,  and  was  the  only  apparent 
means  by  which  healthy  people  could  have  been  brought 
in  contact  with  contagion.  The  typhoid  bacillus,  how- 
ever, has  not  been  discovered  in  air  or  dust,  although 
several  observers  have  experimented  on  this  matter. 
The  evidence  as  to  the  spread  of  cholera  by  such  means 
is  of  a  similar  nature. 

When  excretal  or  other  offensive  emanations  are  given 
off  into  tile  ojjen  air,  they  are  much  less  liable  to  cause 
disease  or  injury  to  health  than  when  they  find  their 
way  into  confined  spaces,  such  as  narrow  courts  or  the 
interior  of  houses.  In  the  open  air  of  the  country  they 
are  rapidly  diluted  and  oxidized,  and  rendered  prac- 
tically harmless.  In  this  way  we  can  account  for  the 
excellent  health  enjoyed  by  the  workmen  on  sewage 
farms,  and  by  those  who  live  in  the  neighbourhood,  as 
well  as  by  the  men  engaged  at  sewage  works.  Grossly 
polluted  rivers,  which  give  rise  during  hot  weather  to 
most  offensive  emanations,  have  not  yet  been  proved  to 
cause  injury  to  health  by  such  means  alone.  The  same 
may  l>c  said  of  effluvia  from  manure  manufactories, 
soap  works,  tallow  works,  and  other  offensive  trades, 
and  also  of  the  effluvia  from  putrefying  animal  bodies, 
given  off  mto  the  open  air.  The  air  of  crowded  grave- 
yards and  vaults  contains  excess  of  CO,  and  organic 
vapours  (carboammoniacal) ;  if  such  polluted  air  rises 
from  the  soil  and  escapes  into  houses  built  on  disused 
burial  sites,  it  may  cause  serious  sickness  among  the 
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occupants;  but  when  the  vapours  escape  into  the  open 
air,  even  in  the  midst  of  towns,  no  marked  injurious 
effects  appear  to  arise. 

The  air  over  marshes  is  impure  from  the  large  amount 
of  decaying  vegetation  in  the  water  and  soil.  Carbonic 
acid,  sulplmretted  Irydrogen,  and  carburetted  hydrogen 
(marsh  gas),  are  generally  present  in  some  excess,  to- 
gether with  decaying  organic  matter,  both  in  the  form 
of  vapour  and  of  suspended  matters.  In  some  marshes 
the  air  is  very  rich  in  H,S,  and  the  symptoms  of  aneemia 
and  prostration  have  been  thought  to  be  due  to  this  fact. 
The  suspended  matters  in  marsh  air  consist  of  vegetable 
debris,  diatoms,  algae,  fungi,  bacteria,  and  other  micro- 
organisms. 


Vitiation  of  Air  in  Industrial  Occupations. 


Although  in  some  trade  processes  injurious  gases  are 
evolved  and  escape  into  the  air  that  must  be  respired  by 
the  workmen  engaged  in  the  trade,  yet  the  vast  majority 
of  industrial  occupations  are  injurious,  or  otherwise, 
according  to  the  amount  and  nature  of  the  dust  which 
is  produced.  As  subsidiary  factors  of  high  importance 
must  be  considered  the  conditions  under  which  the  dust 
producing  work  is  carried  on,  whether  in  the  open  air, 
in  well  ventilated  workshops  or  factories,  or  in  0"er- 
crowded  close  rooms  at  a  high  temperature  and  with 
the  air  saturated  with  moisture.  The  long  continued 
inhalation  of  dust  tends  to  produce  disease  of  the  lungs, 
especially  bronchitis  and  emphysema,  interstitial  pneu- 
monia, and  fibroid  phthisis.  The  source  of  the  dust, 
whether  vegetable  or  mineral,  is  not  so  important  as  the 
character  of  the  particles  which  compose  it.  The  most 
injurious  kinds  are  those  whose  particles  are  hard, 
sharp,   and   angular,   which    become  impacted   in   the 


230 


HYGIENE    AND    PUBLIC    HEALTH. 


walls  of  the  broncliioles  or  air  cells  of  the  lungs, 
are  not  easily  expectorated,  and  set  up  irritation  and 
chronic  inflammation  of  the  tissues  around.  The  soft 
or  rounded  particles  are  not  capable  of  doing  nearly  so 

■  much  mischief. 
The  following  table  gives  the  comparative  mortality 
figures  for  males  in  different  dust  inhaling  occupations, 

*the  comparative  mortality  figure  from  all  causes  amongst 
males  in  England  and  Wales  being  taken  at  i,ooo,  230 
of  which  are  due  to  tubercular  phthisis,  and  182  to  other 
diseases  of  the  respiratory  organs.  It  is  important  to 
B  note  that  the  column  under  phthisis  represents  the 
tubercular  form  of  this  disease,  but  undoubtedly  in- 
cludes many  cases  of  fibroid  phthisis  as  well. 


CoMPtRATiVE  Mortality  of  Males,  Twenty. five  to  Sixty- 
iiVE  Years  of  Ace,  in  certain  Dustinhalino  Occupa- 
tions, FROM  Phthisis  and  Diseases  op  the  Respiratory 
Organs.* 


I>ijton3€-^ 

PlithUi'v  .tnit 

PhthWu. 

uf  thx 

l>jiivAJVH  of  the 

Rc«plmtory 

Bp*liimu>ry 

Orgaiu. 

Urgiton. 

Co«t  miner     .... 

lit 

20a 

3»8 

Ctrjjcnter,  joiner     - 

204 

«33 

337 

Baker,  confectioner 

212 

186 

398 

Plumber,  painter,  Rla^fier 

246 

185 

45t 

M*»on,  builder,  bricklayer 

252 

201 

453 

Wool  manufacturer 

»57 

20J 

462 

Cotton  manufacturer 

272 

271 

543 

Quarryman  (>.tonc,  stale) 

308 

274 

JS2 

Cutler 

37" 

3»9 

760 

File  maker      .... 

433 

350 

7»3 

Earthenware  manuracturec     • 

473 

645 

1. 118 

CurnUh  miner 

690 

458 

1.14H 

All  mairk  (I'-ng'md  and  \Vale» 

220 

182 

402 

Pmhermen       .... 

108 

90 

1,8 

•  Dr.  Ogle's  Report.  Supplement  to  the  45th  Annual  Report  of  the 
Regutrar  Genet  ali 
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^hat  coal  wifurs  should  stand  at  the  liead  of  tlie  list, 
as  regards  freedom  from  lung  diseases,  is  somewhat 
surprising,  considering  that  tfie  air  in  the  utiJerground 
passages  in  which  they  work,  even  in  tlie  best  ventilated 
mines,  is  vitiated  hy  respiration,  conjbuslion  of  lights, 
and  blasting  agents,  which  throw  into  the  air  much  CO,, 
CO,  H„  H,S,  &c.  In  .iddition,  CO,,  and  Cfl^  are  often 
evolved  in  considerable  volumes  from  the  strata  cut 
through  by  the  shafts  and  borings,  and  the  air  in  the 
workings  is  always  thick  with  coal  dust.  Dr.  Ogle 
explains  the  comparative  innocuity  of  coal  dust  in  caus- 
ing lung  disease  by  the  microscopical  character  of  its 
particles,  which  are  comparatively  free  from  sliarp 
points  and  corners.  He  is  also  inchncd  to  attribute 
to  coal  dust  a  special  property  of  hindering  the  develop- 
ment and  arresting  the  progress  of  tuberculosis — a  dis- 
ease, it  is  to  be  rcinembored,  which  might  be  expected 
to  be  very  fatal  to  coal  miners,  from  the  fact  of  their 
working  in  a  heated  vitiated  atmosphere,  and  being 
liable  to  sudden  alterations  of  temperature  in  going 
to  and  leaving  off  work. 

This  comparative  immunity  from  tubercle  is  not  dis- 
played by  the  Cornish  or  tin  miners,  who  come  at  the 
bottom  of  the  list.  Their  mortality  from  lung  diseases 
constitutes  nearly  two-thirds  of  their  total  mortality,  and 
is  nearly  three  times  as  great  as  that  of  Cornish  males 
generally.  They  work  under  conditions  of  heated  and 
vitiated  air  like  the  coal  miners,  but  they  inhale  a  sharp, 
angular,  and  most  irritant  stone  dust,  instead  of  the 
comparatively  benign  coal  dust.  The  other  occupations 
in  which  the  workers  are  exposed  to  the  inhalations  of 
stone  dust  are  masons,  builders,  and  bricklayers,  who  carry 
on  their  work  chiefly  in  the  open  air,  and  have  a  lung 
disease  figure  of  453  ;  stone  and  slate  qnarrymen,  who  also 
work  mainly  in  the  open  air  (582) ;  and  the  earthenware. 
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china,  and  potlcry  niamifadtircrs,  who  suffer  enormously 
from  bronchitis  and  emphysema  (potters'  asthma),  and 
phthisis.  ^\mong  these  latter  the  lung  disease  mortality 
is  nearly  the  same  as  that  of  the  tin  miners.  They  carry 
on  their  trade  in  close  and  heated  factories,  and,  besides 
the  fine  irritating  dust,  are  exposed  to  great  vicissitudes 
of  temperature.  The  chinaware  is  baked  with  flint 
dust,  and  this  is  subsequently  brushed  off  by  women, 
the  process  being  known  as  "china  scouring."  In  the 
best  factories  this  dust  is  collected  and  removed  by 
mechanical  brushes  and  fans,  and  is  never  allowed  to 
escape  into  the  room. 

Cutlers  and  /ile  makers,  needle,  pin,  and  tool  makers  are 
exposed  to  metallic  dust  and  stone  dust  given  off  from 
the  grindstones,  and  suffer  largely  from  phthisis,  bron- 
chitis, and  pneumonia,  l-'ile  makers  are  in  addition 
liable  to  lead  poisoning,  from  their  using  a  cushion  of 
lead  on  which  to  strike  their  file.  In  these  trade  pro* 
cesses  the  dust  should  be  collected,  so  far  as  possible,  by 
hoods  placed  immediately  over  the  benches  which  lead 
into  a  common  outlet  shaft,  the  draught  in  which  is 
maintained  by  a  revolving  fan.  The  workers  should  be 
made  to  wear  respirators  in  the  more  dusty  rooms ;  and 
in  steel  grinding,  magnetic  shields  are  useful  for  attract- 
ing and  collectmg  the  steel  dust.  The  operatives  in 
««o«  factories  work  in  an  heated  atmosphere  saturated 
with  moisture  by  steam,  and  laden  with  filamentous 
particles  of  cotton  and  mineral  substances  used  for 
sizing.  A  standard  of  purity  of  the  air  is  now  enforced, 
by  which  the  CO,  may  not  exceed  0*09  per  cent,  in  the 
artificially  moistened  sheds.  In  woollen  factories  the  heat 
is  not  so  great,  and  there  is  less  dust  owing  to  the  wool 
being  treated  with  oil ;  but  wool  sorters  are  liable  to 
contract  anthrax  from  infected  fleeces.  In  stlk  mills, 
dust  and  high  temperature  are  injurious  to  the  material, 
and  arc  consequently  avoided. 
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Millers  and  bahrs  are  liable  to  inhale  flour  dust,  but  as 
this  substance  is  probably  arrested  in  the  mouth  and 
nose,  and  does  not  reach  the  lungs,  it  can  hardly  be 
regarded  as  productive  of  lung  disease.  Carpenten, 
foiturs,  and  cabinet  makers  are  exposed  to  wood  dust.  The 
dust  from  the  harder  kinds  of  wood  is  probably  more 
injurious  than  that  from  the  softer  kinds. 

Dr.  Birmingham  has  drawn  attention  to  the  great 
mortality  among  those  engaged  in  the  "  ganister " 
industry.  Ganister  is  a  very  hard  silicious  stone,  with 
a  very  high  fire  resisting  capacity,  and  it  is  used  for 
lining  the  bottom  of  crucibles,  &c.  The  miners  fre- 
quently die  from  fibroid  phthisis. 

More  recently  Dr.  Tatham  has  furnished  a  valuable 
contribution*  on  the  varying  rates  of  mortality  among 
men  engaged  in  different  occupations,  the  main  conclu- 
sions being  based  upon  the  deaths  that  occurred  during 
the  three  years  1890-92  among  males  between  twenty- 
five  and  sixty-five  years  of  age — the  period  during  which 
the  effect  of  occupation  is  assumed  to  be  most  marked, 
and  in  which  the  proportion  of  occupied  males  is  largest. 
Taking  1,000  to  represent  the  mortality  of  all  males  at 
these  ages  in  England  and  Wales,  the  comparative 
mortality  figure  for  all  occupied  males  was  953,  and 
while  it  was  687  in  ajjricultural  districts,  it  reached  to 
1,248  in  industrial  <listricts.  TJie  comparative  mortality 
figures  of  males  from  twenty-five  to  sixty-five  years 
of  age  was  low  for  clergymen  (533),  gardeners  (553), 
farmers  (563),  school  teachers  (604),  farm  labourers  (632), 
and  lawyers  (821);  for  medical  men  it  was  966;  and  it 
was  high  among  brewers  (1,427),  general  labourers  in 
industrial  districts  {1,509),  publicans  (1,642),  coster- 
mongers  (1,652),  and  hotel  servants  (1,725).    The  exces- 
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sive  mortality  of  cutlers,  file  makers,  scissor  makers,  and 
nail  makers,  noted  in  previous  periods  of  observation, 
was  still  higher  in  1890-92;  and  slaters,  tilers,  wool, 
silk,  and  cotton  dyers,  potters,  glass  manufacturers,  tin 
miners,  coal  ticavers,  and  chimney  sweepers  again 
showed  marked  excess  of  n)ortality. 

In  Dr.  Tatham's  report  the  figures  bearing  upon  tlie 
fatal  eflfects  of  breathing  dust  laden  air,  or  air  fouled  in 
other  ways,  have  acrjuired  increased  value  from  the 
careful  elimination  of  the  disturbing  influence  of  the 
varying  age  proportions  of  persons  engaged  in  different 
occupations.  Taking  100  to  represent  the  combined 
mortality  from  phthisis  and  diseases  of  the  respiratory 
organs  among  those  engaged  in  agricultural  occupations, 
the  comparative  figure  from  these  diseases  among  those 
engaged  in  occupations  which  cause  dust  of  various 
kinds  reaches  373  for  file  makers,  407  for  cutlers  and 
scissor  makers,  and  453  for  potters  and  earthenware 
manufacturers. 

l-'rom  brickfields  organic  vapours  and  CO,,  CO,  lIjS, 
and  SO,  gases  are  evolved.  Brickfields  are  most  produc- 
tive of  nuisance  when  the  bricks  are  burnt  in  clamps  or 
(juadrangular  piles  in  the  open  air,  and  the  combustible 
material  used  is  dust  bin  refuse  containing  animal  or 
vegetable  organic  matter.  Bricks  arc  made  of  clay 
mixed  with  a  small  proportion  of  ashes.  When  these 
are  arranged  in  layers  in  the  clamps,  alternating  with 
tile  breeze  or  combustible  material,  the  emanations  from 
the  burning  material  are  very  penetrating ;  and  when 
dust  bin  refuse  is  used  to  burn  the  bricks,  the  partially 
!)urnt  organic  vafxjurs  are  highly  disagreeable,  and  arc 
perceptible  at  considerable  distances  from  the  brick* 
fields.  When  bricks  arc  burnt  in  kilns  provided  with 
flues,  there  is  far  less  liability  to  nuisance,  as  the  pro- 
ducts of    combustion    arc    more    perfectly   consumed. 
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Kiln  burning  should  be  insisted  upon  in  the  case  of 
all  brickfields  situated  in  the  close  vicinity  of  inhabited 
houses. 

In  brass  foundries  the  workers  (more  especially  the 
turners,  polishers,  and  filers)  inhale  a  metallic  dust 
which  is  productive  of  a  disease  until  lately  known  as 
"  brass  founders*  ague."  But  Dr.  R.  M.  Simon  has 
shown  that  brass  workers'  ague  is  not  ague  at  all,  and 
is  not  in  any  way  allied  to  malarial  poisoning.  The 
symptoms  whicii  caused  Dr.  Greenhow  to  designate  the 
disease  brass  workers'  ague  are  shown  to  be  due  to  the 
ingestion  of  a  quantity  of  the  irritant  metal  dust  (brass  is 
an  alloy  of  copper  and  zinc,  in  the  proportion  of  about 
three  to  one)  sufficiently  large  to  cause  vomiting  with 
its  attendant  depression.  Probably  the  copper  is  the 
offending  ingredient,  although  possibly  the  /.inc  may 
have  some  additional  influence.  The  illness  only  occurs 
in  those  who  are  new  to  the  work,  or  who  resume  work 
after  an  absence  of  a  month,  or  even  a  fortnight,  and 
there  are  no  true  hot  or  sweating  stages  as  in  true  ague, 
although  at  times  there  may  be  profuse  sweatings.  The 
men  who  suffer  in  this  way  drink  freely  of  milk  and  pro- 
mote vomiting,  the  best  treatment  that  could  be  devised 
for  copper  or  zinc  poisoning.  Chronic  copper  poisoning 
is  common  amongst  brass  workers,  and  bronchitis  from 
inhalation  of  irritant  dust.  The  leading  symptoms  of 
chronic  copper  poisoning  are :  Ansemia,  nausea  and 
vomiting,  colic,  wasting,  headache  and  nervous  symp- 
toms, and  a  green  line  (due  to  copper)  is  seen  at  the 
bases  of  the  teeth.  The  patient  also  suffers  from  profuse 
sweatings  which  stain  the  underlinen  a  greenish  colour, 
itching,  skin  eruptions,  chronic  bronchial  catarrh,  and 
later,  pulmonary  fibrosis.  For  the  prevention  of  brass 
founders'  ague  "special  rules"  are  enforced  by  the  Chief 
Inspector  of  Factories.     These  rules  apply  only  to  the 
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casting  and  mixing  shops,  and  require  that  adequate 
means  be  provided  for  the  escape  of  noxious  fumes  and 
dust,  that  the  shops  be  cleaned  down  and  limewashed 
every  year,  that  tlie  workpeople  liave  every  facility  for 
personal  cleanliness,  and  are  prohibited  from  eating 
during  the  process  of  casting. 

The  Alkali  Works,  &c.,  Regulation  Act  of  1881  pro- 
vides that  95  per  cent,  of  the  hydrochloric  acid  gases 
and  vapours  produced  in  alkali  works  must  be  con- 
densed ;  and  in  each  cubic  foot  of  air,  gas,  or  smoke 
escaping  into  the  atmosphere  there  may  be  only  ^  grain 
of  HCl,  Each  cubic  foot  of  air,  gas,  or  smoke  issuing 
from  sulphuric  acid  works  must  not  contain  more  than 
4  grains  of  sulphuric  acid  (SOj).  The  keeping  apart 
of  acid  drainage  and  alkali  waste  is  strictly  enforced, 
and  all  waste  substances  must  be  got  rid  of  without 
nuisance.  Other  works  included  in  this  Act  are  salt 
works,  cement  works,  chemical  manure  works,  nitric 
acid  works,  sulphate  and  chloride  of  ammonia  works, 
chlorine  works,  bleaching  works,  and  gas  liquor  works. 

In  the  manufacture  of  alkali  the  chief  nuisance  arises 
from  the  improper  storage  and  disposal  of  the  "  tank 
waste,"  which  contains  compounds  of  sulphur.  In  the 
process,  common  salt  is  decomposed  by  sulphuric  acid, 
and  the  crude  sodium  sulphate  ("  salt  cake  ")  is  mixed 
with  chalk  and  coal  and  heated  ;  sodium  carbonate  is 
thus  formed,  and  the  unburnt  carbon  and  calcium  sul- 
pliide  darkens  the  mass,  which  is  known  as  "black  ash." 
The  sodium  carbonate  is  dissolved  out  by  water,  and  the 
residue  constitutes  the  "  tank  waste."  The  workers  suffer 
from  diseases  of  the  lungs,  bad  teeth,  and  dyspepsia, 
mainly  arising  from  the  acid  fumes  of  the  salt  cake;  but 
the  hydrochloric  acid  fumes  arc  so  diluted  as  to  generally 
produce  but  little  effect  on  the  workers,  though  they 
injure  surrounding  vegetation. 
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In  tlie  manufacture  of  coal  gas,  the  coal  is  burnt  in 
closed  retorts,  with  the  result  that  the  coke  remains 
behind,  and  the  volatile  substances  pass  up  an  ascension 
pipe  to  discharge  into  horizontal  pipes  exposed  to  the 
air,  in  which  the  watery  and  tarry  matters  are  condensed. 
The  impure  gas  is  then  passed  through  coke  scrubbers, 
which  remove  the  remaining  tarry  matters  and  ammonia. 
All  this  condensed  matter  is  conducted  into  the  tar  well. 
The  sulphur  compounds  which  remain  in  the  gas  at  this 
stage  are  partially  removed  by  passing  the  gas  over  lime, 
which  also  removes  the  carbonic  acid,  and  the  remaining 
sulphuretted  hydrogen  is  removed  by  a  purifier  of  oxide 
of  iron.  The  gas  is  stored  in  the  gasometers,  which  are 
sunk  in  the  earth  to  considerable  depths,  water  being 
used  as  a  seal  to  prevent  the  escape  of  the  gas. 

The  process  varies  somewhat  in  different  manufac- 
tories. The  waste  gas  lime  gives  rise  to  serious  offence, 
and  its  removal  from  the  tank  causes  considerable  irrita- 
tion to  those  engaged  in  the  work.  The  lime  shoul'.l  be 
watered  a  little  before  being  dug  out  from  the  purifiers, 
to  prevent  dust :  and  removed  as  often  as  necessary, 
being  covered  over  with  sacking  during  removal. 

Nuisance  may  result  in  the  neighbourhood  of  gas- 
works by  (i)  smoke  given  off  during  the  charging  and 
drawing  of  retorts ;  (2)  the  generation  of  water  gas  when 
the  red  hot  coke  is  quenched  with  water  ;  (3)  the  escape 
of  crude  gas  from  the  mouthpieces  of  the  retorts;  {4) 
the  smoke  given  off  from  imperfectly  carbonized  charges 
when  withdrawn  :  (5)  by  the  offensive  lime  refuse  from 
the  purifiers,  where  lime  alone  is  used  for  the  absorption 
both  of  carbonic  acid  and  sulphur  compounds.  When 
exposed  to  the  air,  sulphuretted  hydrogen  and  bisulphide 
of  carbon  are  released  from  the  sulphides  and  sulpho- 
carbonates  of  lime  by  the  action  of  the  oxygen  and 
carbonic  acid  in  the  air,  and  a  most  offensive  nuisance 
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is  created.  When,  however,  sesquioxide  of  iron  is  used 
for  absorbing  the  sulphur  compounds,  and  the  lime  is 
used  only  for  absorbinff  carbonic  acid  after  the  sulphur 
compounds  are  withdrawn,  the  nuisance  is  reduced  to  a 
minimum. 


Offensive  Trades. 


y 


The  noxious  or  offensive  trades  specified  in  the  Public 
Health  Act,  1875,  are  those  of  a  blood  boiler,  a  bone 
boiler,  a  tripe  boiler,  a  soap  boiler,  a  tallow  meltcr,  and 
a  fellmonger.  Bye-laws  n>ay  be  made  regulating  these 
trades  "  or  any  other  noxious  or  offensive  trade."  The 
model  bye- laws  of  the  Local  Government  Board  also 
specify  the  trades  of  a  blood  dryer,  a  leather  dresser,  a 
tanner,  a  fat  melter  or  fat  extractor,  a  glue  and  size 
maker,  and  a  gut  scraper.  As  to  what  will  constitute 
"a  noxious  or  offensive  trade"  other  than  those  specified, 
it  is  held  that  the  business,  in  addition  to  being  proved 
noxious,  must  be  ejusdem  generis  with  those  specified,  and 
deal  with  animal  matters  in  some  form.  Thus,  brick 
making  has  been  held  not  to  be  "  an  offensive  trade," 
whereas  the  business  of  a  rag  and  bone  merchant  is  so. 

A  BLOOD  BOILER  or  BLOOD  DRVER  deals  with  the  fresh 
blood  collected  at  slaughter  houses,  in  order  to  procure 

(1)  blood  albumin,  by  desiccating  the  serum  which  is 
drained  off  from  the  clots  ;  (2)  turkey-red  pigment ;  and 
he  may  also  (3)  prepare  blood  for  sugar  refiners,  &c. 
The  blood  clot  is  often  mixed  with  sulphuric  acid, 
desiccated,  and  mixed  with  superphosphate  to  form 
manure. 

The  chief  sources  of  nuisance  are:  (i)  Unsuitability  of 
premises  for  carrying  on  the  process,  thus  rendering  it 
difficult   to   conduct   the    business    without   nuisance ; 

(2)  the  improper  conveyance  and  storage  of  the  blood  ; 
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(3)  offensive  vapours  given  off  during  the  process  of 
blood  boiling  or  drying,  or  manure  making  (which  is 
often  carried  on  on  the  same  premises) ;  (4)  effluvia 
from  the  storage  of  exhausted  clots  prior  to  the  manu- 
facture of  manure  or  their  removal  from  the  premises. 

A  BONE  BOILER  deals  with  fresh  bones  in  order  to 
procure  gelatine,  glue,  and  fat.  The  bones  are  boiled 
along  with  the  hoofs,  trimmings  of  hide,  &c.,  procured 
from  the  slaughter  houses.  The  boiled  bones  are  sub- 
sequently used  for  handles  to  knives  and  forks,  tooth 
brushes,  &c.,  or  are  crushed,  and  superphosphate 
manure  manufactured  from  them  by  adding  sulphuric 
acid. 

Tht  chief  sources  of  nuisanct  arise  from:  (i)  Unsuitability 
of  premises;  (2)  improper  conveyance  and  storage  of 
old  bones  and  scraps  ;  (3)  offensive  vapours  given  off 
during  the  process,  especially  where  steam  jacketed 
cylinders  are  not  used  for  the  boiling ;  (4)  the  debris 
in  the  boiling  cylinder,  called  "  the  scrutch,"  is  a  fruit- 
ful source  of  nuisance,  as  is  also  the  piling  up  of  the 
recently  boiled  and  steaming  bones, 

A  TRIPE  BOILER  is  One  who  boils  the  first  stomach 
("  the  paunch  ")  of  oxen  and  sheep  for  sale  as  food, 

The  chief  nuisances  result  from :  (i)  b'ilthiness  and  un- 
suitability of  premises ;  (2)  improper  storage  of  material 
on  premises  ;  (3)  the  vapours  escaping  during  the  pro- 
cess of  boiling  ;  (4)  the  vapours  arising  from  the  steam- 
ing tripe  after  its  removal  from  the  boiler. 

A  FAT  or  TALLOW  MELTER  {and  SOAP  boiler)  is  one 
who  melts  kitchen  fat  and  butchers"  waste  fat  in  pans 
for  the  purposes  of  manufacturing  candles,  soaps, 
leather  dressings,  and  preparations  for  greasing  ma- 
chinery. In  soap  boiling  the  fat  is  boiled  with  soda 
lye  for  "  hard  soaps,"  and  with  potash  lye  for  "  soft 
^oaps." 
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The  chief  nuisances  result  from:  (i)  Filthiness  and  un- 
suitability  of  premises  ;  (2)  improper  conveyance  and 
storage  of  material ;  (3)  the  vapours  escaping  during 
the  process  of  melting  or  boiling  and  ladling  out ;  (4) 
the  improper  stowage  of  waste  residue  ("  the  greaves"). 
The  greatest  nuisance  during  melting  arises  when  old 
and  offensive  materials  are  used. 

A  FELLMONCER  IS  onc  wljo  prepares  either  recent  or 
old  foreign  skins  for  the  leather  dresser.  The  fresh 
skins  are  first  trimmed  of  adherent  flesh  and  then  freed 
from  dirt  by  beating  them  with  sticks.  They  are  then 
soaked  in  water.  Lime  is  next  worked  into  the  fleshy 
side  of  the  skin,  and  the  skin  is  then  hung  up  until  the 
wool  or  hair  is  easily  detachable  by  the  hand.  The  old 
foreign  skins  are  prepared  by  first  soaking  in  water,  and 
then  they  are  kept  until  decomposition  has  so  loosened 
the  wool  or  hair  that  it  is  easily  detached ;  this  is 
known  as  "  the  tainting  process."  I3y  either  method 
the  skin  thus  prepared  is  known  as  "  a  pelt,"  and  these 
are  cast  into  a  pit  containing  milk  of  lime,  after  which 
they  are  dried  and  sent  to  the  leather  dresser. 

The  chief  nuisances  arise  from  :  (1)  Filthiness  and  un- 
suitability  of  premises  ;  (2)  improper  conveyance  and 
storage  of  skins;  (3)  offence  arising  from  the  "tainting"' 
process ;  (4)  the  failure  to  satisfactorily  dispose  of  the 
dirt  and  flesh  removed  from  the  skins. 

A  LEATHER  DRESSER  and  TANNER  convctt  the  skins, 
after  treatment  as  above  described,  into  various  kinds 
of  leather.  The  tanning  agent  (oak  bark,  &c.)  brings 
the  putrescible  hide  into  a  non-putrescible  condition ; 
and  the  leather  dresser,  by  appropriate  treatment  with 
fatty  and  other  matters,  completes  the  conversion  to 
leathers  of  various  sorts.  I'igeons'  manure  and  dogs' 
dung  are  used  in  the  "  soaks  "  for  softening  the  skins 
prior  to  tanning. 
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T^l^  chief  nuisances  arise  from  :  (i)  Filthiness  and  iin- 
suitability  of  premises  ;  (2)  Improper  storage  of  skins  ; 
(3)  the  failure  to  satisfactorily  dispose  of  the  waste 
water  or  spent  liquor,  &c. 
I  A  GUT  SCRAPER  is  oDC  wlio  scrapcs  the  small  intes- 
tines of  swine  and  sheep  for  the  purpose  of  making 
sausage  skins,  catgut,  &c.  The  gut  is  first  cleansed, 
and  soaked  in  salt  and  water  for  a  few  days,  and  then 
allowed  to  remain  in  plain  cold  water  until  sufficiently 
softened  to  admit  of  the  easy  removal,  by  means  of  a 
wedge  shaped  piece  of  wood,  of  everything  but  the 
peritoneal  and  a  little  of  the  external  muscular  coat  of 
the  intestine. 

^B     The  chief  nuisances  arise  from  :    (t)   Filthiness  and   un- 

^"  suitability  of  premises;  (2)  the  failure  to  promptly 
remove  all  refuse  and  waste  material ;  (3)  improper  and 
too  prolonged  storage  of  the   intestines  prior  to  their 

^_utili/ation, 

^^  A  GLUE  AND  SIZE  MAKER  cxtracts  the  gelatine  by  boil- 
ing almost  every  kind  of  waste  animal  tissue,  but  more 
especially  bones,  hoofs,  horns,  and  skin  trimmings. 
The  raw  material  is  first  limed,  and  then  washed  and 
well  boiled  for  some  hours.     After  the  glue  has  been 

^^allowed  to  cool  and  set,  it  is  cut  into  slices  and  dried. 

^B  T  he  chief  sources  of  nuisance  are  :  (i)  Unsuitability  and 
general  filthiness  of  premises;  (2)  the  storage  of 
material,  especially  when  old  and  foul ;  {3)  vapours 
arising  from  the  conduct  of  the  process,  which  are 
especially  offensive  when  old  material  is  used  ;  (4)  the 
accumulation  and  improper  storage  of  the  residue 
("  scratch").  The  fat  is  usually  skimmed  olT  the  sur- 
face of  the  hot  water,  and  ibe  "  scratch  "  is  used  for 
manure  making. 


The  various  nuisances  in  the  trades  above  leletxe^  V<a 


242 


HYGIENE    AND    PUBLIC   HEALTH. 


may  be  prevented  or  abated  by  the  adoption  and 
forcement  of  sufficient  bye-laws. 
Such  bye-laws  should  secure : — 

1.  Free  access  to  the  premises  by  any  officer  of  the 
sanitary  authority. 

2.  The  restriction  of  such  trades  to  suitable  premises. 
Gut  scraping,  for  instance,  cannot  be  carried  on,  as  it 
sometimes  is,  in  small  houses  without  giving  rise  to 
offence. 

3.  The  maintenance  in  good  order  of  the  drainage, 
lighting,  and  ventilation  of  such  premises,  and  the 
proper  cleansing  of  them.  The  floors  or  pavements 
should  be  kept  in  good  repair  so  as  to  prevent  absorp- 
tion of  any  liquid  filth,  and  should  be  swept  or  washed 
at  the  dose  of  every  day,  and  all  splashings  should  be 
removed.  The  walls  and  ceilings  should  be  hot  lime- 
washed  twice  a  year  at  specified  periods  (say  the  first 
weeks  of  April  and  October),  after  all  splashings  have 
been  wiped  off;  and  the  walls  must  be  rendered  non- 
absorbent  of  any  liquid  filth  or  refuse  to  at  least  the 
height  to  which  such  splashings  may  reach. 

4.  The  proper  conveyance  to  the  premises,  and  stor- 
age on  the  premises,  of  the  material  used,  so  as  to 
prevent  the  escape  of  noxious  and  offensive  emanations. 
In  some  cases  the  material  should  be  brought  to  the 
premises  in  non-absorbent  covered  receptacles,  and 
stored  in  special  closed  compartments  ventilated  into 
a  tall  cliinmcy  flue,  by  means  of  an  air  shaft  provided, 
if  necessary,  with  a  gas  jet  or  fan.  Sometimes  the 
materials  to  be  stored  should  be  dried,  or  treated  with 
milk  of  lime,  or  even  sprinkled  with  a  little  carbolic  acid 
solution  (i  in  40).  Stored  fat  should  be  dried  and  laid 
out  on  racks  in  a  cool  room ;  and  the  materials  used  for 
glue  making  should  be  stored  as  dry  as  practicable,  or 
treated  with  a  sufficient  quantity  of  milk  of  hmc  and 
closely  stacked. 
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5.  The  best  practical  means  of  rendering  inert  the 
vapours  emitted  during  the  carrying  on  of  the  process. 
Where  melting  and  boiling  is  performed,  this  should  be 
done  in  steam  jacketed  pans,  so  as  to  guard  against  the 
higlier  temperatures  which  burn  the  fat,  &c.,  and  give 
rise  to  the  formation  of  most  offensive  empyreumatic 
odours.  Large  hoods  communicating  by  pipes  with  the 
furnace  flue  should  be  used  to  collect  the  vapours  given 
off  from  the  contents  of  the  pans  during  the  boiling;  and 
the  chimney  by  which  these  fumes  escape  should  either 
be  carried  up  to  a  considerable  height,  or  the  vapours 
should  be  condensed  in  a  suitable  condensing  appara- 
tus,* or  conducted  into  the  furnace  fire  and  cremated. 
This  cremation  may  also  be  effected  by  means  of  a 
small  "cremator"  placed  in  the  chimney. 

The  fumes  arising  from  steaming  bones,  meat,  &c., 
can  be  prevented  by  applying  cold  water,  directly  after 
their  removal  from  the  boiler. 

6.  All  filth  and  refuse  matter  to  be  collected  in  a 
sufficient  number  of  non-absorbent  vessels  with  close- 
fitting  covers,  and  removed  from  the  premises  forthwith. 
I'ellmongers  and  others  must  not  keep  uselessly  decom- 
posed skins,  &c,,  on  the  premises, 

7.  All  water  used  for  soaking  skins,  &c.,  to  be  renewed 
sufficiently  often  (at  least  once  a  day)  to  prevent  effluvia 
arising  therefrom,  and  all  pits  used  for  holding  sucli 
water  to  be  rendered  water-tight.  This  bye-law  will 
apply  to  the  trades  of  a  fellmonger,  gut  scraper,  and 
leather  dresser. 

8.  All   waste  lime  to   be   removed  with   reasonable 


*  A  cheap  and  satisfactory  condenser  can  be  made  by  taking 
ordinary  drain  pipes  and  packing  them  with  pieces  of  coke,  over 
which  water  is  allowed  to  trickle  in  a  constant  stream  ;  or  the 
vapours  may  be  absorbed  in  a  water  spray,  or  by  being  brought  in 
contact  with  trays  of  water,  at  in  a  "  sciubbcT." 

«.  1 
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dispatch  in  covered  receptacles,  as  also  all  other  waste 
or  useless  material. 

6.  All  implements  and  receptacles  to  be  kept  sweet 
and  clean.  The  floors  and  receptacles  in  some  cases  to 
be  sprinkled  or  washed  with  some  deodorant,  as  in  gut 
scraping. 

10.  Penalties  for  offending. 

The  discharge  of  waste  liquor  into  drains  at  a  tem- 
perature exceeding  no'  F.  has  often  given  rise  to  great 
offence  from  the  sewer  ventilators  adjoining  the  premises 
on  which  some  of  the  above  trades  are  conducted.  This 
is  now  provided  for  by  statute  (The  Public  Health  Act 
Amendment  Act,  1890),  and  all  hot  liquid  refuse  must 
be  allowed  to  cool  before  it  is  discharged  into  a  drain. 

It  will  be  well  to  next  consider  a  few  of  the  more 
common  tradt  nuisances. 

FiSM  FRViNG. — Nuisances  arise  from  the  neglect  to 
adopt  proper  means  of  collecting  the  effluvia  and  dealing 
efficiently  with  them.  The  effluvia  are  increased  by  (i) 
the  prolonged  use  of  the  same  oil  for  cooking  purposes, 
(2)  the  burning  of  the  oil  and  consequent  production  of 
cmpyreumatic  odours,  when  the  heating  is  done  over  an 
open  fire. 

These  nuisances  are  best  prevented  by  supplying  a 
large  deep  hood  to  collect  the  effluvia  arising  from  the 
frying.  The  hood  should  lead  by  a  pif)e  into  a  fairly 
high  chimney,  and  it  is  often  necessary  to  provide  a  gas 
jrt  at  the  mouth  of  the  pipe  leading  from  the  hood,  so  as 
to  promote  draught.  To  obviate  the  burning  of  the  oil, 
the  frying  should  be  done  in  a  deep  vessel  containing 
from  6  to  10  inches  in  depth  of  oil,  or  preferably  steam 
jacketed  cylinders  should  be  employed.  Il  is  rarely,  if 
ever,  necessary  to  cremate  the  effluvia  in  the  fire,  or  to 
ab<wrb  them  in  the  water  of  a  "  washer  "  or  condenser. 

Knackeries. — A  knacker  is  properly  a  horse  slaugh- 
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terer,  but  lie  also  slaughters  other  old  and  diseased 
animals,  and  receives  the  carcases  of  those  which  have 
died  of  disease  or  accident. 

Nuisances  arise  from  the  cries  of  the  animals  prior  to 
their  slaughter,  for  they  arc  commonly  kept  several 
days  ;  the  filthy  way  in  which  they  are  kept ;  the  undue 
and  improper  storage  of  material  on  the  premises  ;  the 
general  unsuitahility  and  filthiness  of  the  premises;  and 
the  processes  of  bone  boiling,  flesh  boiling  (for  cats' 
meat  or  fat  extraction),  or  gut  scraping,  &c.,  which  are  1 
sometimes  carried  on  in  the  same  premises. 

Pig  keeping. — This  trade  may  become  a  nuisance 
from  the  improper  storage  of  sour,  malodorous  food  with 
which  the  pigs  are  frequently  fed,  and  from  the  effluvia 
from  the  sties.  The  sties  should  always  be  placed  at  a 
considerable  distance  from  houses — at  least  loo  feet  in 
urban  districts.  They  should  be  floored  with  hard, 
impervious,  and  jointless  material  (e.g.,  concrete),  laid 
to  a  good  fall  towards  a  channel  leading  to  a  gully 
which  discharges  into  a  drain  or  covered  cesspool.  The 
feeding  material  should  be  kept  in  impervious  vessels 
with  close  fitting  lids,  and  the  sties  should  be  swept  out 
ani  cleansed  daily, 

Artificiai,  manure  making. — The  materials  used 
are: — (i)  All  animal  waste  materials  from  the  offensive 
trades  above  referred  to ;  (2)  mineral  matter,  e.g.,  sul- 
phate of  ammonia,  nitrate  of  soda,  gypsum,  lS:c. 

"  Superpho.sphate "  is  made  from  a  mixture  of  mineral 
phosphate  and  ground  bones,  treated  with  sulphuric 
acid.  The  whole  process  is  more  or  less  offensive  from 
the  presence  of  the  organic  materials,  and  the  fumes 
given  off  during  the  manufacture  and  the  subsequent 
drying. 

"Poudrette"  is  generally  manufactured  from  night- 
soil,  fish  offal,  &c.,  by  treatment  with  su\pVv\iX\c  atc\^-,  \\. 
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consists  of  a  brown  dry  powder.  The  process  must  be 
conducted  under  very  special  conditions,  or  a  grave 
nuisance  results. 
H  Paper  making. — Cotton  and  linen  rags,  hemp,  straw, 
waste  paper,  &c.,and  esparto  grass  arc  employed  in  this 
buisncss.  The  rags  are  "dusted,"  and  then  cut  up  into 
small  pieces,  washed,  and  bleached. 

(Esparto  grass  is  reduced  to  pulp  by  boiling  with  caus- 
tic alkali  and  by  subsequent  treatment  by  machinery. 
The  vapours  given  off  during  the  boiling  of  the  grass, 
and  from  the  hot  liquor  after  removal  from  the  boilers, 
have  an  offensive  senna-like  odour,  but  the  recovery  of 

I  the  soda  from  the  waste  liquor  is  the  most  offensive  part 
of  the  process. 


Industrial  Poisonings. 


Lead  poisoning  may  result  from  direct  absorption  of 
the  metal  through  the  skin  or  mucous  membranis,  or  by 
inhalation  of  the  vapours  or  powder  of  lead  compounds. 
The  trades  most  liable  to  suffer  are:  painters,  plumbers, 
gilders,  file  cutters,  type  founders,  calico  printers,  glass 
grinders,  bronzers,  enamellcrs,  and  the  manufacturers 
of  white  lead  and  lead  paints  and  colours. 

Carlx)nate  of  lead,  or  white  lead,  is  vei-y  extensively 
used  as  a  paint,  and  many  coloured  paints  contain  the 
metal.  Both  the  acetate  and  the  nitrate  of  lead  are 
used  in  calico  printing  and  cotton  dyeing  to  produce 
orange  and  yellow  colours.  Sulphide  of  lead  is  used 
mainly  for  glazing  pottery,  bricks,  &c.,  and  oxide  of 
lead  is  used  in  enamels. 

File  makers  arc  liable  to  lead  poisoning  from  their 
nsing  a  cushion  of  lead  on  which  to  rest  the  Ale,  while 
the  rough  surface  is  being  prepared  by  means  of  a  blunt 
struck  with  a  hammer.     The  glass  grinders  may 
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be  poisoned  from  the  constant  contact  with  the  putty 
powders  (ricli  in  lead)  which  are  used  for  polishing  the 
glass  ;  and  the  type  founders  and  type  setters  from  the 
constant  handling  of  the  type  metal — an  alloy  of  lead, 
tin,  and  antimony. 

At  present  the  most  common  causes  of  lead  poisoning 
are  the  working  with  lead  glazes,  and  the  manufacture 
of  white  lead.  "  The  proportion  of  severe  cases  among 
file  cutters  and  those  engaged  in  coach  painting,  in  ship 
building,  and  in  other  industries  where  paint  is  used, 
exceeds  that  of  those  engaged  in  industries  where  the 
danger  is  primarily  from  the  dust  of  salts  of  lead " 
(T.  M.  Legge,  H.M.  Medical  Inspector  of  Factories). 
Plumbers  inhale  volatilized  oxide  of  lead  and  painters 
the  dust  of  white  lead  ;  but  lead  is  also  taken  into  the 
system  when  meals  are  taken  with  dirty  hands. 

Sanitary  Precautions.— i.  All  fumes  and  dust  should  be 
collected  as  rapidly  and  completely  as  possible  after  they 
are  formed,  and  conducted,  by  means  of  a  powerful  ex- 
haust, to  condensing  chambers  or  washers,  so  that  the 
air  of  the  work  places  may  be  kept  as  pure  as  possible, 
and  the  external  atmosphere  around  the  works  also 
saved  from  pollution. 

2.  The  handling  of  the  metal,  or  of  substances  con- 
taining lead,  should  be  reduced  to  a  minimum. 

3.  Every  facility  and  encouragement  should  be  given 
to  the  workers  to  practise  personal  cleanliness.  Mouth 
washes  and  tooth  and  nail  brushes  should  be  used  before 
partaking  of  a  meal.  Strict  rules  should  be  enforced  for 
the  washing  of  hands.  A  basin,  tap,  and  towels  must 
be  supplied  for  at  most  every  five  persons. 

4.  In  the  more  dusty  rooms  overalls,  close  fitting 
round  the  neck  and  wrists,  and  respirators  are  desir- 
able ;  and  exhaust  fans  should  be  used  to  remove  dust 
and  to  insure  abundance  of  fresh  air. 
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5.  Meals  should  not  be  permitted  to  be  taken  in  any 
of  the  workrooms, 

6.  There  should  be  periodical  medical  inspections  of 
the  workers.  Those  who  are  more  especially  susceptible 
to  the  poisonous  effects  of  the  metal  should  at  least  be 
excluded  from  the  more  dangerous  rooms.  This  will 
apply  to  all  women  xind  children.  All  those  with  cuts 
or  sores  should  hv.  excluded  from  the  works. 

7.  Sulphuric  acid  lemonade  is  recommended  as  a 
drink  for  llio  work  people,  as  it  favours  the  formation 
of  an  insoluble  sulphate  of  lead  ;  the  free  drinking  of 
milk  is  also  recommended. 

8.  The  work  rooms  must  be  kept  clean,  well  venti- 
lated, and  as  free  from  dust  as  possible.  The  immediate 
removal  of  the  dust  is  the  essential  preventive  measure 
in  china  and  earthenware  factories,  in  places  where 
processes  connected  with  white  and  red  lead  arc  carried 
on,  in  paint  and  colour  factories,  in  all  workrooms  in 
which  operations  of  litho-transfer  are  conducted,  and 
wherever  iron  plates  are  enamelled. 

The  beautiful  glaze  on  chinaware  and  its  colouring 
have  hitherto  been  mostly  obtained  by  the  use  of  car- 
bonate of  lead,  and  the  workers  in  these  processes 
suffer  considerably  from  lead  poisoning.  The  use  of 
"  fritted  "  lead — that  is,  lead  fused  into  a  kind  of  glass 
(a  silicate)  which  is  ground  down  and  mixed  with  water 
—  is  attended  with  far  less  danger  to  the  workers.  It  is 
stated  that  it  is  even  safer  to  employ  a  double  silicate 
of  lead,  which  is  more  insoluble  than  the  silicate.  It 
apptears,  moreover,  that  the  use  of  leadless  glazes  gives 
equally  satisfactory  results  in  ordinary  white  and  crcam- 

I  coloured  ware;   and  experts  have  expressed  the  view 
that  for  seven-tenths  of  the  total  output  leadless  glazes 

[can  lie  used. 

Phosphokus  poisoMNb  is  experienced  among  matcb 
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makers.  Makers  of  phosphor-bronze  and  the  old-time 
vermin  killer  have  also  suffered.  The  phospliorus  is 
obtained  from  bone  ash,  and  serious  nuisance  and  harm 
to  the  workers  will  result  unless  every  proper  precaution 
is  taken.  During  the  distillation  of  the  impure  phos- 
phorus dangerous  gases  are  evolved. 

The  red  or  amorphous  phosphorus  is  largely  used 
in  the  manufacture  of  safety  matches,  the  phosphorus 
mixed  with  glue  lieing  contained  in  the  rubbing  surface 
on  the  bo.x.  The  igniting  material  is  composed  of 
chlorate  of  potash,  iron  pyrites,  peroxide  of  manganese, 
powdered  glass,  sulphide  of  antimony,  and  an  adhesive 
agent  — generally  glue. 

Sanitary  Precautions.—  i.  The  discontinuance  of  the  use 
of  the  dangerous  yellow  phosphorus,  and  the  employ- 
ment of  the  red  phosphorus  for  safety  matches  only.  A 
harmless  "  strike  everywhere  "  match  can  now  be  made 
from  the  sesquisulphide  of  phosphorus, 

2.  Frequent  medical  inspection,  especially  of  the 
teeth.  It  is  found  that  workers  with  sound  teeth  are 
practically  exempt,  but  workers  with  carious  teeth  are 
specially  prone  to  poisoning  by  phosphorus  and  to  the 
onset  of  "  phossy  jaw  "  (caries  of  the  jaw  bones). 

3.  The  selection  of  the  workers. 

4.  Every  facility  for  the  practice  of  extreme  personal 
cleanliness.     Alkaline  mouth  washes  should  be  used. 

5.  Large,  specially  well  ventilated  workrooms,  and 
when  possible  the  work  should  be  performed  in  the 
open  air.  This  precaution  greatly  reduces  the  amount 
of  phosphorus  poisoning.  All  fumes  should  be  drawn 
away  from  the  worker  by  means  of  eflficient  extraction 
fans. 

6.  No  food  or  drink  to  be  taken  in  the  workrooms. 

7.  Short  shifts  of  work,  especially  of  those  employed 
in  the  more  dangerous  rooms.      Charcoal   respirators 
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should  l)c  worn  by  those  engaged  in  the  worst  rooms; 
i.e.,  wliere  the  dipping  of  the  wooden  lieads  of  the 
matches  in  the  phosphorus  paste  is  performed. 

The  most  dangerous  factor  in  the  whole  process  is  the 
escape  of  fumes  of  the  lower  oxide  of  phosphorus  (P«0») 
from  this  moist  heated  paste. 

The  oxidizing  effect  of  tiie  vapour  of  turpentine  is 
recommended  as  advantageous.  The  atmosphere  may 
be  impregnated  with  these  vapours  by  exposing  turpen- 
tine in  saucers  about  the  room,  or  on  sponges  hung 
rountl  the  necks  of  tlie  workers,  so  that  tlie  vapours  rise 
up  into  the  air  as  it  is  respired. 

The  phosphorus  should  always  be  stored  carefully  in 
glass  or  earthenware  vessels  surrounded  by  water,  and 
away  from  the  workrooms. 

The  sulphur  employed  must  not  be  overheated,  or 
there  is  danger  of  ignition  and  the  development  of  large 
quantities  of  SO,.  The  pans  in  which  the  sulphuring  is 
done  should  \>c  covered,  and  the  fumes  conducted  to  a 
tall  chimney. 

As  to  the  causation  of  phosphorus  poisoning  the  most 
probable  theory  (Lorinser)  appears  to  be  that  tlie  blood 
l)ccomes  surcharged  with  phosphorus,  which  in  turn 
has  a  special  afiinity  for  bone,  and  as  a  consequence 
weakens  the  resistance  of  that  tissue  to  local  injury— 
this  local  injury  in  the  case  of  the  jaw  bone  being  sup- 
plied through  the  medium  of  a  carious  tooth.  Such 
necroses  occur  only  after  the  worker  has  been  for  some 
years  engaged  in  the  work.  Py  an  order  of  the  Secre- 
tary of  State  in  March,  1899,  cases  of  phosphorus 
poisoning  must  be  notified  under  Section  29  of  the 
Factory  and  Workshop  Act,  1895. 

Mkrcurul  i'oisoning. — Those  exposed  to  the  poison- 
ous effects  of  the  vapours  are  mainly  the  makers  and 
users  of  vermilion  pigment  from  cinnabar  and  of  imita* 
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tion  bronzing,  barometer  and  thermometer  makers,  and 
the  gilders  working  with  mercurial  gold  amalgam.  The 
former  great  source  of  industrial  mercurial  poisoning — 
the  silvering  of  mirrors  by  means  of  an  amalgam  of 
mercury  and  tin — has  ceased,  the  process  having  been 
superseded  in  this  country  by  the  nitrate  of  silver  and 
ammonia  process.  The  workers  in  factories  where 
calomel,  corrosive  sublimate,  and  the  red  oxide  of 
mercury  are  prepared,  and  the  makers  of  electric 
meters,  also  suffer. 

The  sanitary  precautions  necessary  arc  similar  to 
those  already  indicated  where  poisonous  fumes  and 
dust  occur;  but  it  is  important  to  observe  that  the 
mercury  should  be  kept  covered  over  as  much  as 
possible,  so  as  to  limit  the  diffusion  of  the  vapours, 
especially  in  hot  workshops.  TIic  diffusion  of  the 
vapours  of  ammonia  throughout  the  workshops,  when 
these  are  temporarily  vacated,  is  highly  spoken  of. 
The  floor  of  the  workshops  should  be  such  as  to  admit 
of  a  thorough  collection  of  all  spilt  mercury  at  the  end 
of  each  working  day. 

Arsenic  poisoning  may  result  from  the  use  of  arseni- 
cal wall  papers,  carpets,  and  curtains,  in  which  the 
arsenic  is  used  as  a  colouring  agent.  In  the  following 
trades  the  workers  are  liable  to  arsenic  poisoning:  — 
The  makers  of  articles  coloured  with  arsenical  dyes 
(carpets,  dresses,  artificial  flowers,  &c.)  ;  those  who 
prepare  skins  of  animals  for  stuffing ;  and  the  makers 
of  arsenical  paints  and  dyes,  such  as  "  emerald  green." 
This  salt  is  also  used  for  the  destruction  of  the  insect 
pests  which  destroy  fruit  trees  and  potatoes. 

The  sanitary  precautions  necessary  are  very  similar 
to  those  which  should  be  practised  against  lead  poison- 
ing. Arsenical  colours  and  dyes  are  unnecessary,  and 
their  use  should    be   prohibited.      No  water  from   the 
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works   containing  waste  arsenic  should   be  allowed  to 
enter  a  stream. 

Chromium  poisoning. — Chrome  colours  are  largely 
used  by  dyers,  chiefly  as  yellow,  orange,  and  red 
colouring  agents,  Init  aniline  dyes  are  now  taking  their 
place.  The  chief  symptoms  of  poisoning  (from  swallow- 
ing chromium)  closely  resemble  those  of  Asiatic  cholera. 
The  effect  of  the  chromales  of  potash  on  the  skin  and 
mucous  membranes  exposed  to  their  action  is  to  cause 
destructive  ulceration,  the  nasal  mucous  membrane 
being  especially  liable  to  suffer  from  the  lodgment  of 
the  fine  dust  resulting  from  the  grinding  of  the  chrom- 
ates. 

The  sanitary  precautions  which  are  necessary  can  be 
gathered  from  wliat  has  already  been  said  with  refer- 
ence to  lead. 

Under  special  rules  issued  by  the  Home  Oflficc, 
periodical  medical  examination  of  workers  in  dangerous 
processes,  cither  by  the  certifying  factory  surgeon  or 
other  medical  practitioner,  is  required  in  the  following 
industries :  White  lead  works,  china  and  earthenware 
works,  the  manufacture  of  lithotransfers,  enamelling  of 
iron  plates,  electrical  accumulator  works,  the  manufac- 
ture of  explosives  in  which  dinitro-benzol  is  used,  and 
bichromate  factories  ;  in  lucifer  match  factories  where 
yellow  phosphorus  is  used  periodical  examination  of  the 
teeth  of  persons  in  certain  specified  processes  is  en- 
joined. Further,  in  paint  and  colour  factories,  in 
chemical  works  where  pharmaceutical  mercurial  pre- 
parations are  made,  in  hatters-furriers'  processes  where 
mercury  nitrate  is  used,  &c.,  similar  voluntary  periodi- 
cal examination  is  in  some  cases  provided. 

Sl'i-i'HiJKOL's  ACID  may  find  its  way  into  the  atmos- 
phere from  a  large  number  of  industries:  The  manu- 
facturc  ol  sulphuric  acid,  aWav,  «itiA.  ^%s«,  v\\<i  Unning 
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of  iron,  bleaching  works  of  certain  kinds  (wool,  cotton, 
silk,  straw,  &c.),  the  preparation  of  hops,  and  the  burn- 
ing of  coal  rich  in  pyrites,  &c.  The  gas  may  give  rise 
to  bronchitis  and  anaemia. 

Chlorine  may  gain  access  to  the  atmosphere  from 
bleaching  and  dyeing  works.  It  causes  acute  catarrh, 
acute  pneumonia,  conjunctivitis,  pyrosis,  and  indiges- 
tion. Respirators  kept  moist  with  alcohol  are  recom- 
mended as  a  protection. 

Bisulphide  of  carbon  gets  into  the  atmosphere  of 
vulcanised  india-rubber  works,  the  liquid  being  used  as 
a  solvent  of  gutta-percha. 

In  the  manufacture  of  Portland  cement  traces  of 
compounds  of  cyanogen  are  given  off  during  the  process 
of  burning. 

Carbonic  acid  is  given  off  in  large  ([uanttties  from 
lime  burning,  and  is  often  present  in  excess  in  the  air  of 
aerated  water  manufactories. 

It  causes  debility,  loss  of  appetite,  drowsiness,  and 
nervous  derangements,  and  when  present  in  great 
quantities  causes  dyspnoea,  muscular  debility,  and 
coma  ;  and,  if  death  results,  the  heart  and  lungs  arc 
filled  with  dark  blood.  Well  sinkers  are  occasionally 
asphyxiated  by  the  large  amount  of  this  gas  which 
collects  in  deep  shafts. 

In  carbonic  oxide  poisoning,  on  the  other  liaiid, 
there  is  no  dyspncEa,  coma  is  slight  or  absent,  convul- 
sions occur,  and  the  blood  is  bright,  with  a  bluish  tint. 


Household  Dust. 

Besides  vitiation  by  products  of  respiration  and  com- 
bustion, one  great  cause  of  impurity  of  air  in  houses  is 
the  presence  of  floating  particles  of  dust.  This  dust  is 
the  debris  arising  from  the  wear  and  tear  oi  atXicXes  \tv 
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t  domestic  use,  mingled  with  the  soot  and  ashes  from 
fireplaces,  lamps,  and  gas  burners.  As  soon  as  the  air 
is  still,  it  tends  to  settle  upon  walls,  floors,  and  articles 
of  furniture,  to  be  again  caught  up  and  wafted  into  the 
■  air,  when  this  is  in  brisk  movement.  Under  the  micro- 
scope this  dust  resolves  itself  into  soot,  mineral  particles 
(sand,  crystals  of  sodium  chloride^  cotton  fibres,  spores 
of  fungi  or  bacteria,  starch  grains,  pulverized  straw, 
epithelial  and  epidermic  d(5bris  from  the  skin.  It  is 
thus  seen  to  consist  largely  of  organic  refuse,  often  more 
or  less  putrescent,  and  its  presence  in  the  air  assists  in 
the  production  of  the  low  state  of  health  so  common  to 
the  occupants  of  dirty  overcrowded  houses. 

In  all  houses  dust  must  be  produced  by  the  wear  and 
tear  of  domestic  life  ;  hut  in  towns  this  strictly  domestic 
dust  is  much  augmented  by  that  which  finds  its  way  in 
through  doors  and  windows  from  the  outer  atmosphere. 
We  cannot  hope,  then,  to  materially  limit  its  production; 
but  much  may  be  done  to  get  rid  of  it,  and  to  prevent 
its  undue  accumulation,  by  thorough  and  regular  house 
cleaning. 

House  cleaning  can  only  be  efHcient  where  the  struc- 
tural conditions  of  walls,  floors,  and  ceilings  p)ermit 
of  easy  access  for  the  broom  and  duster  into  every 
part  of  the  room,  and  where  furniture  and  fittings  arc 
so  arranged  as  to  prevent  dust  being  deposited  in  in- 
accessible places. 

As  generally  arranged,  nearly  every  part  of  a  room  is 
a  dust  trap.  Cornices  and  projections  on  ceilings  and 
above  doors ;  rough  or  flock  wall  papers ;  floors  with 
crevices  between  the  boards  into  which  dust  drops,  to 
gradually  accumulate  between  the  floor  and  the  ceiling 
below ;  carpets  accurately  fitting  every  corner  of  th^ 
room  ;  cumbersome  articles  of  furniture,  as  wardrolx 
sideboards,  and  bookcases,  which   collect  dust  above 
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and  are  too  heavy  to  be  moved  to  allow  dust  to  be  swept 
out  below;  heavy  curtains  with  canopies,  draperies,  &c., 
— all  these  tend  to  the  collection  or  absorption  of  dust, 
whicii,  being  unseen,  is  forgotten  and  not  removed. 

It  is  especially  in  bedrooms,  which  are  occupied  for 
so  many  hours  without  any  thorough  renewal  of  the  air, 
that  these  dust  absorbers  and  accumulators  tend  to  do 
so  much  harm,  by  contaminating  an  atmosphere  already 
sufficiently  vitiated.  The  following  rules,  therefore, 
although  to  be  recommended  in  every  room  of  a  house, 
are  more  especially  applicable  to  bedrooms. 

The  floors,  if  old  and  warped,  should  be  accurately 
fitted  with  thin  oak  parqueterie,  kept  well  polished  with 
oil  and  beeswax;  or  the  spaces  between  the  boards  may 
be  filleted — i.e.,  filled  in  with  strips  of  wood,  so  as  to 
leave  no  chinks— and  the  whole  either  stained  or  var- 
nished, or  coated  with  three  or  four  good  coats  of  paint 
and  varnished.  This  flooring  can  be  kept  clean  with  a 
damp  duster.  Carpets  should  be  abolished  in  favour  of 
mats  or  Indian  matting  for  bedrooms,  which  is  very 
non-absorbent  and  easily  cleaned.  The  mats  can  be 
frequently  shaken  and  beaten  in  the  open  air,  whereas 
fixed  carpets  are  usually  beaten  once  a  year,  and  in  the 
interval  accumulate  (especially  the  thick  pile  carpets) 
every  kind  of  refuse  and  abomination.  The  use  of  lino- 
leum and  oilcloth  should  be  avoided,  as  it  hinders  the 
ventilation  of  the  boards,  and  tends  to  cause  dry  rot. 

Heavy  curtains,  canopies,  and  draperies  should  be 
replaced  by  light  muslin  fabrics — more  especially  in 
bedrooms — which  can  be  washed  and  cleaned  at  fre- 
quent intervals.  Bedroom  furniture  should  be  light  and 
easily  moved.  It  would  be  a  great  improvement,  if, 
when  houses  are  built,  the  bedroom  walls  were  planned 
with  recesses,  which  could  be  converted  into  cupboards, 
shelves,  and  drawers ;  and  thus  the  actual  lukiu\V\u«  v>l 
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a  bedroom  could  lie  reduced  to  the  bed,  washstand, 
dressing  table,  and  chairs,  and  there  would  be  no  sur- 
face on  which  dust  could  lie  concealed. 

Cornices  and  projections  from  walls  and  ceilings 
should  be  avoided,  as  likely  to  collect  dust. 

The  wall  coverings  should  be  smooth  and  glossy. 
Rough  wall  papers,  especially  flock  paper,  can  hold  enor- 
mous quantities  of  dust.  For  bedrooms  and  nurseries, 
distemper  colouring  is  perhaps  better  than  wall  papers, 
as  the  surface  can  be  renewed  at  a  trifling  cost  and  at 
frequent  intervals.  In  distempering,  common  whiting 
is  used  as  a  basis  for  the  colouring,  and  not  white  lead 
or  zinc  white,  as  is  almost  invariably  the  case  in  paint- 
ing. Newly  painted  surfaces  give  off  traces  of  lead, 
volatilized  or  in  powder,  to  the  air  in  drying;  and 
symptoms  of  lead  poisoning  are  not  uncommon  in  the 
occupants  of  a  freshly  painted  room.  Painting,  then,  is 
not  to  be  recommended  for  wall  surfaces,  unless  the 
paints  are  warranted  free  from  lead.  Sometimes  the 
paints  themselves  contain  no  lead,  but  the  "dryers," 
with  which  they  arc  mixed  before  use,  are  found  to  be 
full  of  lead. 

Varnished  wall  papers  are  coming  more  largely  into 
use.  They  have  a  smooth  non-absorbent  surface,  and 
are  easily  cleaned  with  a  damp  cloth.  In  papering  a 
room  it  is  important  to  see  that  the  old  paper  is  all 
peeled  off,  and  the  plaster  underneath  well  washed, 
before  the  new  paper  is  applied.  The  size  and  pnste 
used  should  be  perfectly  fresh. 

A  pa{)er  should  never  be  put  on  a  wall  unless  it  i* 
guaranteed  free  from  arsenic ;  and  it  is  even  advisable 
to  test  a  piece  with  Marsh's  apparatus  to  make  perfectly 
certain.  The  general  supposition  is  that  wall  papers  are 
not  likely  tu  contain  arsenic  unless  they  are  coloured 
some  shade  of  greea.     MvA  arsenic  has  been  found  in 
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various  coloured  papers — reds,  mauves,  browns,  and 
grays.  The  arsenite  of  copper  (Scheele's  green)  and  the 
aceto-arsenite  of  copper  are  principally  used  in  the  manu. 
facture  of  green  papers.  The  amount  of  arsenic  present 
has  been  found  to  vary  in  different  cases  from  a  grain,  or 
less,  per  square  foot  up  to  50  or  60  grains. 

The  injurious  effects  of  arsenical  wall  papers  appear 
to  be  due  to  the  dissemination  of  the  vapour  of  arseni- 
uretted  hydrogen,  or  of  solid  particles  of  arsenic,  as  dust, 
into  the  air  of  the  apartment.  In  flock  papers,  coloured 
with  arsenic,  it  is  probably  diffused  as  dust ;  whilst  in 
the  smoother  papers  arseniuretted  hydrogen  is  formed 
by  the  decomposition  of  the  size  and  paste  on  a  damp 
wall  acting  chemically  on  the  arsenical  salt. 

The  long  continued  inhalation  into  the  lungs  or  swaU 
lowing  of  the  arsenical  dust  and  vapours  derived  from 
wall  papers  tends  to  produce  a  chronic  form  of  poison- 
ing, characterised  by  one  or  more  of  the  following 
symptoms,  arranged  more  or  less  in  the  order  of  their 
appearance,  viz.,  conjunctivitis  and  lacrymation,  cough, 
nausea,  sickness  and  diarrhoea,  colic  pains,  cramps, 
dryness  of  the  mouth  and  throat  with  much  thirst, 
headache,  and  gradually  increasing  debility,  with  actual 
paralysis  of  the  extremities,  terminating  in  convulsions 
and  death. 

As  a  rule,  the  symptoms  do  not  go  beyond  conjunc- 
tivitis, cough,  nausea,  and  diarrhoea,  witii  much  debility. 
But  these  cases  of  illness  often  last  for  a  long  period, 
until,  indeed,  the  source  of  the  poisoning  is  discovered. 
The  artificial  fruit  and  flower  makers  suffer  from  arsenic 
poisoning  in  its  worst  forms. 

Ventilation. 

Ventilation  is  a  term  which  has  a  somewhat  exten- 
give  meaning.     Generally  it  may  be  said  to  meatTv  \.\v^ 
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removal  and  dispersion  of  foreign  gases  or  suspended 
matters,  which  have  accumulated  in  the  atmosphere  as 
the  result  of  the  vitiating  processes  already  described. 
We  speak  of  the  ventilation  of  streets  and  buildings,  the 
ventilation  of  inhabited  rooms,  factories,  and  mines,  and 
the  ventilation  of  drains  and  sewers.  In  each  case  the 
same  object  is  aimed  at,  but  the  means  by  which  it  can 
be  attained  are  different.  The  ventilation  of  streets  and 
buildings  is  concerned  with  the  width  of  the  street,  and 
the  height  of  adjoining  or  opposite  buildings — in  fact, 
with  the  amount  of  free  air  space  around  the  buildings, 
and  the  facilities  afTorded  for  the  entrance  of  light  and 
air.  This  may  be  called  external  ventilation.  To 
ventilate  dwelling  houses,  factories,  or  mines,  fresh  air 
from  outside  must  be  introduced  within  these  more  or 
less  closed  places  by  natural  or  artificial  means,  and 
adequate  exit  must  be  provided  for  used  or  vitiated  air. 
It  is  the  same  for  drains  and  sewers,  with  this  addition, 
that  the  escaping  air  must  be  allowed  exit  at  points 
where  it  is  least  likely  to  be  productive  of  nuisance  or 
danger.  In  addition  to  the  natural  forces  of  rain,  wind, 
sun,  and  vegetation,  which  promote  the  purification  of 
the  atmosphere  on  the  large  scale,  natural  ventilation  as 
applied  to  circumscribed  localities  may  be  said  to  depend 
upon  (i )  diffusion  of  gases;  (2)  the  action  of  the  winds;  (3)  ih* 
difference  in  weight  of  masses  of  the  air  of  unequal  temperature. 

1.  Gases  difTuse  inversely  as  the  square  roots  of  their 
densities;  and  this  diffusion  can  take  place  through 
porous  substances  such  as  Jry  bricks.  The  process  is 
necessarily  a  slow  one,  and  inadequate  to  produce  com- 
plete renovation  of  vitiated  air. 

2.  Winds  are  very  powerful  ventilating  agents.  They 
net  chiefly  hy  perflation,  i.e.,  by  setting  masses  of  air  in 
motion,  driving  them  onward  by  an  irresistible  vis  a 
tergo.     They  also  have  an  aspirating  effect  on  air  which 
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is  shielded  from  the  direct  or  perflating  action.  For 
when  wind  passes  horizontally  over  chimneys,  or  tubes 
placed  at  right  angles  to  its  course,  it  causes  a  diminu- 
tion of  pressure  within  them,  thus  creating  a  current  of 
air  up  the  chimney  at  right  angles  to  itself.  The  air  in 
these  tubes  being  partially  aspirated  or  sucked  out  by 
the  action  of  the  wind,  to  restore  the  temporary  vacuum 
so  made,  air  from  below  rushes  up  to  take  its  place,  a 
continual  current  in  a  perpendicular  direction  being  thus 
set  up. 

3.  When  air  is  heated  it  expands.  The  expansion  is 
equal  to  -fij  of  its  volume  for  every  degree  Fahrenheit, 
or  ^^  for  every  degree  Centigrade.  A  volume  of  hot 
air  is  consequently  lighter,  bulk  for  bulk,  than  the  same 
volume  of  cold  air.  The  warm  air  rises,  and  equilibrium 
is  restored  by  the  cold  air  rushing  in  to  occupy  its  place. 
The  winds  themselves  are  caused  in  this  manner  by  the 
unequal  heating  of  the  air  over  different  parts  of  the 
earth's  surface. 

External  Ventilation  (Streets,  Buildings,  &c.). 

The  health  of  a  town  largely  depends  on  the  width  of 
its  streets,  the  general  height  of  the  buildings,  and  the 
amount  of  yard  space  at  the  rear  of  each  building  which 
separates  it  from  its  opposite  neighbour.  Contrast  the 
health  and  vitality  of  the  occupants  of  houses  in  wide 
open  streets  with  those  who  live  in  narrow  courts  closed 
at  one  or  both  ends,  the  courts  themselves  being  sur- 
rounded by  higher  buildings,  or  built  back  to  back,  or 
with  the  smallest  possible  intervening  space.  In  such 
places  the  air  is  almost  always  necessarily  stagnant,  as 
the  passage  of  the  wind  is  obstructed  by  the  surrounding 
buildings.  The  sun's  light — the  most  powerful  of  germi- 
cides— for  many  months  in  the  year  cannot  penetrate. 
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with  tlie  result  tliat  the  ground  is  never  thoroughly 
dried,  and  the  air  in  contact  with  it  remains  continually 
damp.  Impure  gases  and  exhalations,  evolved  from  the 
inhabited  dwellings,  are  not  at  once  swept  away  by 
the  wind,  and  consequently  accumulate  in  the  air  of  the 
court  and  its  surroundings.  Suspended  organic  matters 
tend  to  subside  in  the  still  air,  which,  being  thus  both 
damp  and  impure,  produces  that  state  of  low  vitality 
and  predisposition  to  disease  which  characterize  the 
inhabitants  of  such  places. 

Zymotic  diseases — especially  typhus — when  once  in- 
troduced, spread  rapidly  through  the  vitiated  air,  the 
enfeebled  constitutions  of  the  inliabitants  presenting  but 
slight  tesistance  to  their  onset.  Absence  of  sunlight 
appc.'^rs  to  have  a  specially  injurious  effect  on  child  life, 
which,  like  plants,  becomes  blanched  and  weakly  when 
reared  in  semi-darkness.  When  it  is  added  that  in 
many  of  these  courts  and  alleys  the  houses  have  no 
through  ventilation,  the  windows  being  only  in  front  of 
the  house,  it  is  not  to  be  wondered  at  that  the  general 
tlcalli  rale  is  sometimes  double,  or  even  treble,  that  of 
the  healthy  parts  of  the  town,  and  that  the  inorlaliiy 
amongst  infants  and  young  children  is  something  appal- 
ling. All  investigations  into  the  effect  of  liackto- 
back  houses  upon  the  health  of  the  inmates  show  an 
increased  incidence  of  disease  and  mort.tlity  from  all 
causes,  phthisis,  diseases  of  the  respiratory  organs, 
diarrhoea,  and  zymotic  diseases  generally ;  and  in 
districts  where  such  houses  form  about  50  per  cent. 
of  the  total,  the  death-rates  from  the  above  mentioned 
causes  are  nearly  half  as  much  .igain  as  the  rates 
generally  prevailing  for  the  whole  of  Kngland  and 
Wales.  Hack-toback  houses  are  built  in  double  rows 
with  only  one  side  exposed  to  the  open  air,  except  in  the 
case  of  those  houses  at  the  ends  of  the  blocks,  which 
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have  two  sides  op2n  to  the  external  air.  Through 
ventilation  is  impossible  in  such  houses,  and  the  rooms 
are  generally  dark  and  dirty  as  a  consequence. 

To  show  wiiat  is  the  minimum  amount  of  external  air 
space  which  should  be  allotted  to  every  building  in  a 
town,  we  may  quote  from  the  model  bye-laws  of  the 
Local  Government  Board,  which  refer  to  new  streets 
and  buildings. 

The  width  of  every  street  intended  for  use  as  a  carriage 
road  must  not  be  less  than  36  feet ;  if  not  to  be  used  as 
a  carriage  road,  it  must  be  at  least  24  feet  wide,  and 
open  at  one  end.  Twenty-four  feet  is  the  least  width 
allowed  before  the  frontage  of  any  new  building ;  and 
the  aggregate  amount  of  yard  space  at  the  back  of  such 
a  building,  and  belonging  to  it,  must  nat  be  less  than 
150  square  feet,  and,  whilst  extending  the  entire  width 
of  the  building,  it  nmst  not  in  any  case  be  less  than  10 
feet  wide,  and  must  be  wider  when  the  height  of  the 
building  exceeds  15  feet. 

It  is  important  to  note  that  the  model  bye-laws  insist 
on  the  yard  space  at  the  back  of  a  house  being  in- 
creased with  the  height  of  the  house  up  to  35  feet,  but 
not  so  the  frontage  area.  The  higher  the  biiitdings,  of 
course  the  greater  the  obstruction  to  the  passage  of  air 
and  light,  and  the  amount  of  space  compulsorily  left 
unoccupied,  both  in  front  and  back,  should  have  been 
correspondingly  increased.  The  erection  in  London 
and  some  large  provincial  towns  of  huge  Mucks  uf 
industrial  dwellings,  whil.st  nffording  vastly  superior 
accominodalion  to  the  working  classes  over  the  oUl 
insanitary  tenements,  has  not  always  secured  efticient 
external  venlilatiun  for  certain  of  the  tenements.  Lofty 
blocks  are  too  often  built  in  such  a  way  as  to  enclose  a 
narrow  and  well-like  court,  in  which  the  atmosphere  is 
always  sunless  and  stagnant,  and  from  v,'\\\c\a  \.\\ft  \oqw\^ 
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facing  on  to  it  derive  all  their  light  and  air.  Cottage 
buildings  with  sufficient  space  in  front  and  rear  are  far 
preferable  to  lofty  blocks  placed  in  rows ;  but  as  they 
do  not  house  the  same  number  of  people  for  the  space 
occupied,  in  crowded  districts,  where  the  land  is  of  such 
enormous  value,  the  rents  must  necessarily  be  liiglier. 

The  London  Building  Act,  1894.  Fart  V.,  provider  for  open  spacet 
about  buildin);s  and  the  height  of  buildings.  Section  41  applies  tn 
domestic  buildings  erected  after  the  commencement  of  the  Act  and 
abutting  upon  a  street  formed  or  laid  out  after  the  commencement 
of  the  Act,  and  requires  to  be  provided  in  the  rear  of  every  such 
building  an  open  space  exclusively  belonging  to  it  of  an  aggregate 
extent  of  not  less  than  ijo  square  feet,  the  open  space  to  extend 
throughout  the  entire  width  to  a  depth  of  at  least  lo  feet  from  the 
building.  The  height  of  the  building  is  regulated  as  follows'  An 
imaginary  horizontal  line  is  drawn  at  the  level  of  the  pavement  from 
the  roadway,  and  at  right  angles  to  it  through  the  centre  of  the  face 
of  the  building,  and  prolonged  to  intersect  the  boundary  of  the  open 
space  at  the  rear.  An  imaginary  diagonal  line  is  then  drawn  in  the 
direction  of  the  building  above,  and  in  the  same  vertical  plane  with 
the  horirontal  line,  and  inclined  thereto  at  an  angle  of  63'5',  meet- 
ing the  horizontal  line  where  it  intersects  the  boundar)- of  the  open 
space  at  the  rear.  No  part  of  the  building  will  then  be  allowed  to 
extend  above  the  diagonal  line,  except  chimneys,  dormers,  gables, 
turrets,  or  other  architectural  ornaments.  Exception  is  m.ide  in  the 
case  of  new  buildings  abutting  at  the  back  upon  a  street  cr  opsn 
space  dedicated  to  the  public. 

With  respect  to  new  domestic  buildings  abutting  upon  a  street 
formed  or  laid  out  before  the  commencement  of  the  Act,  the  hori- 
zonlal  line  may  be  drawn  at  a  level  of  16  feet  above  the  lc%-el  of  the 
adjoining  pavement,  and  the  open  space  of  150  square  feet  may  also 
be  provided  above  the  level  of  the  celling  of  the  ground  story,  01 
16  feet  above  the  level  of  the  adjoining  pavement. 

Section  ^2  enacts  that  the  sanction  of  the  London  County  Council 
must  be  obtained  to  the  plans  of  dwellings  for  the  working  clasic< 
10  be  erected  after  the  commencement  of  the  Act,  which  do  not 
abut  upon  a  street. 

Section  45  prohibits  the  construction  of  habitable  rooms  lighted 
and  ventilated  entirely  from  enclosed  courtyards,  or  from  courtyards 
open  on  one  side,  but  o(  v»h»c\\  vV\e  ievvV.  TO«i»Mtt4  Vow  \W  o^aa 
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side,  exceeds  twice  the  width,  unless  the  width  of  the  court  measured 
from  the  window  of  the  room  to  the  opposite  wall  is  equal  to  half 
the  height  measured  from  the  sill  of  the  window  to  the  caves  or  top 
of  the  parapet  of  the  opposite  wall- 
Section  43  enables  new  domestic  buildings,  which  are  not  artisans' 
dwellings,  to  be  erected  on  the  same  sites  as  existing  buildings,  if 
abutting  upon  a  street,  and  to  cover  the  same  extent  of  land,  but  no 
more  than  was  occupied  by  (he  previously  existing  domestic  building. 
Seciion  47  enacts  that  a  building  (not  being  a  church  or  chapel) 
shall  not  be  erected  of  or  be  subsequently  increased  to  a  greater 
height  than  80  feet  (exclusive  of  two  storeys  in  the  roof,  and  of 
ornamental  towers,  turrets,  or  other  architectural  features)  without 
the  consent  of  the  Council:  provided  that  where  any  existing  build- 
ings forming  pan  of  a  continuous  block  or  row  of  buildings  exceed 
80  feet  in  height,  any  other  building  in  the  same  block  belonging  to 
the  same  owner  at  the  dale  of  the  passing  of  the  Act  may  be  carried 
to  a  height  equal  to,  but  not  exceeding,  that  of  the  existing  buildings. 
Seciion  49  requires  that  no  existing  building  (other  than  a  church 
or  chapel)  on  the  side  of  a  street  foimed  or  laid  out  after  August  7, 
1862,  and  of  a  less  width  than  50  feet,  shall  be  raised,  nor  shall  any 
building  be  erected  so  that  the  height  of  the  building  excesds  the 
width  of  the  street,  without  the  consent  of  the  Council. 

Section  69  provides  for  the  ventilation  of  staircases  both  in 
artisans'  dwellings  and  in  ordinary  dwelling  houses,  constructed 
after  the  Act. 

Section  70  requires  that  every  habitable  room  in  a  new  building 
except  rooms  wholly  or  partly  in  the  roof,  shall  be  in  every  part  at 
least  8  feet  6  inches  in  height  from  floor  to  ceiling.  Rooms  wholly 
or  partly  in  the  roof  must  be  at  least  8  feet  in  height  throughout  not 
less  than  one  half  their  area.  Every  habitable  room  with  an  external 
wall,  which  is  not  in  the  roof,  must  have  a  window  opening  into  the 
external  air,  or  into  a  conservatory,  with  a  total  superficies  clear  of 
the  sash  frames,  tree  from  any  obstruction  to  the  light,  equal  to  at 
least  one  tenth  of  the  floor  area  of  the  room,  and  so  coristructed  that 
at  least  one  half  of  such  window  can  be  opened,  the  opening  to 
extend  to  at  least  7  feet  above  the  floor  level. 


Smoke  Prevention, 

In   London    the   smoky   atmosphere    of    the    winter 
months  is  almost  entirely  due  to  the  uncoTvaunve^  %vcv<;f<v% 
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from  private  dwelling  houses,  whilst  in  the  Northern 
towns  it  is  the  manufactory  smoke  tliat  pollutes  the  air, 
a  fact  at  once  evident  from  the  very  striking  contrast 
between  the  air  on  Sundays  and  the  dense  smoke  cloud 
that  overhangs  the  town  on  the  working  week  days. 
To  deal  with  the  whole  smoke  question  in  London  is 
to  attack  a  problem  of  unexampled  magnitude  and 
difftculty ;  all  that  can  be  hoped  for  is  that  coal  gas 
may  in  time  be  so  far  cheapened  as  to  replace  with 
economy  the  common  use  of  coal  for  domestic  lieating 
and  cooking  purposes.  A  smoke  laden  atmosphere  is 
impure  ;  it  reduces  daylight,  and  therefore  leads  to  an 
increased  employment  of  artificial  light ;  it  renders  it 
difficult  and  sometimes  impossible  to  keep  public  build- 
ings and  private  dwellings  clean,  and  it  doubtless  pro- 
motes ill  health  m  some  people. 

In  the  Lancashire  and  Y'orkshire  towns  the  abate- 
ment of  smoke  is  a  far  easier  task  to  accomplish,  and 
already  a  good  deal  has  been  done  in  this  direction,  by 
the  adoption  of  smoke  preventing  appliances  in  connec- 
tion with  factory  furnaces.  The  smoke  nuisance  is 
chietly  due  to  the  fireman  allowing  too  long  intervals 
between  the  firings.  This  leads  to  too  much  coal 
being  put  on  at  one  firing,  and  the  issue  of  black  smoke; 
but  a  deficient  air  draught — generally  due  to  a  small 
cramped  flue  in  a  low  chimney— is  sometimes  a  cause. 
The  l>est  method  of  smoke  prevention  is  to  secure  fre- 
quent and  light  firing,  and  tlic  admittance  to  the  furnace 
of  the  necessary  air  to  secure  complete  combustion  of 
the  cail)on  particles,  after  each  fresh  charge  of  fuel. 
Many  tlevices  are  employed  to  secure  these  objects 
independently  of  the   fireman.      Of   these   appliances, 

I  perhaps  the  most  commonly  used  are  the  mechanical 
stokers,  which  may  conveniently  be  divided  into  two 
classes :  (a)  Thokc  that  throw  small  ijuantities  of  fuel 
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evenly  over  the  fire,  and  llius  obviate  the  dense  black 
smoke  produced,  under  the  ordinary  conditions  of 
stoking,  when  the  fire  door  is  opened  and  fiesh  fuel  is 
cast  by  a  fireman  on  the  fire.  It  is  evident  that  with 
stokers  of  this  class  ("  sprinklers  ")  the  fire  bars  must 
be  made  to  move  by  appropriate  mechanical  arrange- 
ments, and  so  keep  the  fire  level  and  free  from  aggrega- 
tions of  imperfectly  coked  fuel  at  certain  parts  of  the 
furnace. 

The  second  kind  of  mechanical  stokers  (i)  are  those 
of  the  coking  class.  By  these  the  fresh  fuel  is  delivered 
from  a  hopper  to  the  front  of  the  fire,  where  it  gets 
coked  ;  it  is  then  gradually  worked  backwards  on  the 
fire  bars,  until  the  clinker  falls  over  the  back  of  the 
grate  into  the  ashpit.  By  these  contrivances  the  furnace 
is  continuously  taking  in  the  raw  fuel  at  the  front,  burn- 
ing this  smokelessly  (because  the  black  smoke  arising 
at  the  front  of  the  furnace  is  "  killed  "  by  passing  over 
the  white  hot  fuel  at  the  back),  and  dropping  the  ashes 
over  the  other  end  of  the  bar.  "  Side  firing  "'  is  said  to 
give  good  results.  By  this  method  the  fuel  is  delivered 
at  each  side  of  tlie  fire  alternately,  and  the  smoke  from 
the  side  which  is  being  fed  curls  towards  the  incan- 
descent fire  on  t!ie  other  side,  and  gets  burned.  These 
coking  mechanical  stokers  give  far  better  results  tlian 
the  sprinkling  class. 

As  smoke  arises  from  a  furnace  when  the  supply  of 
air  admitted  is  inadequate  to  secure  complete  combus- 
tion of  the  fuel,  a  great  number  of  contrivances  have 
been  invented  for  supplying  air  either  heated  by  passing 
through  special  pipes  laid  in  the  flues,  or  cold,  to  vaiious 
parts  of  the  furnace  or  main  Hue.  (jrids  or  circulars 
which  can  be  opened  and  shut  by  hand  are  sometimes 
placed  in  the  door  to  admit  air  to  the  furnace,  and 
panels  and  louvres  in  the  furnace  door  ave  t\ow  vwa^e  Vo 
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open  and  shut  automatically.  These  can  be  regulate^ 
to  admit  the  desired  quantity  of  air.  "  Forced  draught 
are  often  utilized  to  increase  the  draught  in  the  furnac< 
and  thus  to  favour  combustion,  and  for  this  purpose  jets 
of  steam  are  generally  admitted  through  the  frame 
the  furnace  just  above  the  door.  Again,  split  bridges 
hollow  fire  bars  of  various  kinds  are  made  to  admit  ail 
The  "bridge"  is  the  metal  or  brickwork  projection  at 
the  back  of  the  fire  bars,  over  which  the  flames  ai 
products  of  combustion  pass  on  their  way  to  the  fli 
There  is  a  door  underneath  the  split  bridge,  which  can 
be  opened,  when  firing  is  taking  place,  to  let  the  air  pass 
up  through  the  bridge  to  ignite  the  gases  and  further 
complete  combustion,  Split  bridges  may  be  made  to 
work  automatically,  and  many  are  in  use ;  but  if  left 
continually  open,  they  tend  to  destroy  the  draught  in 
the  front  part  of  the  furnace,  and  they  soon  get  filled 
with  ashes. 

Amongst  less  effective  appliances  may  be  mentioned 
the  use  of  fans  to  force  the  smoke  again  through  th« 
furnace,  ami  the  washing  of  the  smoke  by  passing  it 
through  shafts  in  which  sprays  of  water  arc  descending. 
There  is  a  considerable  advantage  to  the  manufac* 
turers  in  the  use  of  mechanical  stokers,  inasmuch  as 
they  can  by  their  means  burn  an  inferior  slack  coal 
(cheaper  fuel),  and  less  labour  is  required.  If  spill 
bridges  only  are  used,  great  care  is  required  on  the  part 
of  the  fireman,  and  fuel  of  fair  quality  must  be  used,  or 

Lamoke  is  emitted ;  whilst  the  mechanical  stokers  do 
away  with  these  sources  of  expense. 
In  conclusion,  it  may  be  said  that  the  quality  of  the 
coal  used  has  an  important  lM;aring  on  the  subject  of 
smoke  prevention,  and  that  coke  and  anthracite  art 
practically  smokeless.  The  ordinary  or  bituminous  coal 
is  much  cheaper,  weight,  for  weight,  than  anthracite,  but 
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oombostftie  ^Hd  Hobb,  aad  ^iMcfe  is  ^sed  is  ssy 
maDotacttaiig  ptocesfc  •■fcataueic-."  The  sane  sectian 
ptorides  that  the  onart  lo  «kkh  aa  apfxal  Bay  be 
talMfl  shaB  disoBS  lite  1  iiiiliiaf  if  it  is  satisfied  that 
soch  furnace  is  oonstracted  ih  srh  a  ■■aaer  as  to  cob- 
some  as  £ar  as  practicable  its  snake.  It  sbottld  be 
noted  that,  according  to  Section  91  of  the  Ptibbc 
Health  Act,  1873,  when  anj  chiiuufji  (not  being  the 
chimney  of  a  pri>-ate  dveilixig  hoose)  is  sending  forth 
blofk  imek*  in  such  quantity  as  to  be  a  nuisance,  it  is  not 
necessary  to  prove,  in  ocder  to  secure  a  conviction,  that 
the  furnace  is  improperly  constructed  or  ineSciently 
tended.  A  conviction  must  follow  the  proof  of  the 
emission  of  "black  smoke  in  such  quantity  as  to  be 
a  nuisance." 

The  London  County  Council  is  of  opinion  that  the 
escape  of  black  smoke  for  five  minutes  fron>  the  lighting 
of  the  furnace  might  be  permitted,  but  that  afterwards  a 
discharge  of  one  minute  or  more  should  be  the  subject 
of  legal  procedure.  The  allowance  varies  from  two  to 
fifteen  minutes  in  other  large  towns. 
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VcHUlation  of  Inhabited  Hooiiis. 

In  providing  for  the  ventilation  of  inhabited  rooms  by 
the  replacement  of  vitiated  air  by  (itsb  AU.'W.W'fcVvt'BXv 
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found  necessary  to  adopt  a  certain  standard  of  impurity 
above  wliich  no  increase  should  be  allowed  ;  because  it 
is  impossible  in  a  cold  climate  to  provide  the  enormoua 
volumes  of  fresh  air  (about  i  ,000,000  cubic  feet  for  eacl 
individual  per  hour)  which  would  be  necessary  to  kec( 
the  air  of  the  room  as  pure  as  the  outside  air.  It  is  onlj 
out  of  doors,  then,  that  we  can  be  constantly  breathing 
air  of  normal  purity,  as  indicated  by  its  amount  of  COJ 
(o  04  per  cent  ). 

It  was  found  by  the  late  Professor  de  Chaumont,  bj 
chemical  examination  of  a  large  number  of  samples  of 
the  air  of  iuhabited  rooms,  that — the  amount  of  CO,  ioj 
the  outer  air  being  004  per  cent.,  or  0.4  per  1,000— no 
close  or  disagreeable  smell  is  perceived  in  the  air  of  a 
room  until  the  CO,  from  human  respiration  reaches  0-6  , 
per  1,000,  or  exceeds  by  oz  per  1,000  that  present  ig 
outer  air,  the  close  smell  being  always  due  to  the  foul 

»    organic  matter  in  the  impure  air,  which  increases  f>itr{l 
passu  with,  and  is  therefore  estimated  by,  the  amount  of 
CO,  present.      When   the  CO,  in   an   inhabited   roornj 
reaches  1-3  per  1,000,  the  limit  of  differentiation  by  tiio-l 
sense  of  smell,  when  a  person  first  enters  such  a  roon 
from  the  outer  air,  is  reached.     Any  greater  impurityl 
than  this  cannot  be  distinguished  by  the  unaided  senses,] 
■    It  was  assumed  by  De  Chaumont,  and  experience  has 
confirmed  his  assumption,  that  air  vitiated  to  the  extent 
of  0-2  per   i.otx)— air  which   is  still  fresh  and  does  nofcl 

I  differ  sensibly  to  smell  from  the  outer  atmosphere — cat 
be  breathed  with  inipunity,  hut  that  no  greater  vitiation' 
ought  to  be  allowed.  The  object  of  ventilation  may  be 
said  to  be  the  supply  of  suflicient  pure  air  to  a  room  le 
prevent  the  respiratory  CO,  increasing  beyond  02  patt^ 
per  t,ooo.  The  permissible  limit  of  respiratory  impurity 
is  therefore  oa  per  1,000  (0-2  part  of  CO,  per  1,000, 
o-a  cubic  foot  of  CO,  per  1,000  cubic  feet  of  air ;  whiel 
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is  the  sime  thing  as  0-0002  cubic  foot  of  COj  per  i  cubic 
fo3t  of  air). ' 

If  an  adult  were  enclosed  in  an  air-tight  chamber 
10  feet  high,  10  feet  wide,  and  to  feet  long — 1.*.,  in  a 
chamber  containing  1,000  cubic  feet  of  space — in  an 
hour  the  COj  in  (his  chamber  would  have  had  added  to 
it  06  cubic  foot  of  CO, ;  the  air  originally  contained  04 
part  of  CO3  in  1,000  parts,  so  that  after  one  hour  it 
would  contain  o-4  +  o-6  =  i  part  of  CO^  per  1,000,  or 
I— 0*6  =  04  per  1,000  above  the  permissible  limit  of 
impurity.  Hut  if  the  subject  of  this  experiment  were 
enclosed  in  a  chamber  continuing  3,000  cubic  feet  of 
space,  in  one  hour  the  amount  of  CO,  would  be  only 

? — ^^ — i-J^I =  0-6  per  1,000 — i.e.,  the  limit  would  just 

liave  been  reached  ;  and  at  the  end  of  a  second  hour,  to 
keep  the  CO,  down  to  this  limit,  3,000  cubic  feet  of  fresh 
air  from  outside  must  have  been  allowed  to  enter  the 
room.  We  thus  see  that  an  adult  individual,  when  at 
rest,  should  lie  supplied  with  3,000  cubic  feet  of  fresh 
air  per  hour.  In  a  similar  way  it  can  be  shown  that 
when  the  adult  male  is  doing  gentle  work  (and  giving 
off  o*9  cubic  foot  of  CO,  in  the  liour)  he  theoretically 
requires  4,500  cubic  feet  of  fresh  air  per  hour ;  and  if  he 
is  engaged  in  very  hard  work  (and  giving  ofT,  may  be,  i-8 
cubic  foot  of  CO,  per  hour)  he  needs  as  much  as  9,000. 

By  the  equation   D  =  ^ — where   E  =  amount  of  CO, 
r 

exhaled,  »'  =  respiratory  impurity  per  cubic  foot  of  air, 

and  D  =the  delivery,  or  the  amount  of  fresh  air  available 

in  cubic  feet— if  K  and  i-  are  known  we  can  find  D,  or  if 

D  and  E  are  known  we  can   find  r.     If  E  =  o-r>,  and 

06 
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r  =  o  0002,  then  D  = 


O-O0O2 


.  =  3,000.     That  is  to  say,  an 


adult  requires  3,000  cubic  feet  of  fresh  air  pet  ho\M  '\'cv 
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order  that  the  respiratory  impurity  may  not  exceed  ca 
per  I, coo,  or — what  is  the  same  thing — the  total  impurity 
0-6  per  1,000, 

Exitmplt. — If  a  room  of  l.ooo  cubic  feet  is  occupied  for  four  hours 
by  10  persons,  each  giving  off  an  average  amount  of  CO,,  what  will 
be  the  total  amount  of  CO,  per  1,000  volumes  at  the  end  of  the 
lime,  supposing  to.ooo  cubic  feet  of  fre»h  air  per  hour  have  been 
supplied  ? 

In  this  problem  D  and  E  are  given,  and  we  have  to  find  r.  The 
total  amount  of  air  available  for  breathing  by  the  10  persons  in  the 
fnur  hours  is  1,000  cubic  feet  (the  cubic  space  of  the  room)  i-  10,000  * 
4  cubic  feet  (the  amount  supplied  in  four  hour:,)- 41,000  cubic  fect- 
D.  The  amount  of  CO^  expired  by  10  persons  in  4  hours  —  o'6  x. 
10x4  —  24  cubic  feet-E. 

D=- or  r^|^=   ^*—^  000058;- 
r  U    41,000 

«.<•.,  r,  or  the  respiratory  impurity,  is  o'58  part  per  i,ouo.     The  total 

amount  of  CO,  in  the  a'r  will  be  0-38  +  0-4  -  0-98  part  per  i,oao. 

£xam^/r. —  The  air  of  a  room  occupied  by  6  persons,  and  contain- 
ing j.ooo  cubic  feet  of  i>pace,  yields  73  parts  of  CO,  per  10,000  part*. 
How  much  air  is  being  supplied  per  person  per  hour  ? 

Here  E  and  r  are  given,  and  we  have  to  find  D.  E  =  06  X  6  = 
3-6  cubic  feet  CO,  exhaled  in  1  hour.  i'  =  7'5-4  =  3-5  per  10,000,  or 
0-3;  per  1,000  or  000035  part  of  CO,  per  cubic  foot. 

0-00035 
But  the  room  contains  5,coo  cubic  feet  of  space;  therefore  in  the  fir>t 
hour  5,285  cubic  feet  of  fresh  air  were  supplied,  or  880  cubic  fret 
per  head.  After  the  first  hour,  to  maintain  the  same  amount  of  CO, 
in  the  air,  the  full  10,285  cubic  feet  of  freth  air  will  have  to  be  sup- 
plied, or  1,714  cubic  feel  of  fresh  air  per  head  per  hour. 

During  exertion  a  man  gives  off  more  respiratory 
impurities  (CO,,  organic  matters,  &c.)  than  when  at 
rest.  For  this  reason,  and  also  because  the  air  is 
generally  further  vitiated  by  the  trade  process,  the 
amount  of  air  supplied  to  factories  or  workrooms  should 
be  considerably  in  excess — double,  or  even  treble,  accord- 
ing to  the  nature  of  the  work — of  that  required  in  aq 


AIR  AND  VENTILATION. 


271 


ordinary  living  or  sleeping  apartment.  Some  allowance, 
too,  must  be  made  for  lights,  especially  gaslights,  when 
the  products  of  combustion  are  allowed  to  escape  into 
the  air  of  the  room.  An  ordinary  small  gas  burner, 
under  a  pressure  equal  to  i  inch  of  water,  consumes 
about  3  cubic  feet  of  gas  in  an  hour,  producing  about  li 
cubic  feet  of  CO,,  besides  traces  of  sulphurous  acid  and 
other  injurious  gases,  and  much  heat  and  watery  vapour. 
It  is  true  that  no  foul  organic  matters  are  given  off  in  gas 
combustion ;  but,  still,  it  is  necessary  to  dilute  and  carry 
away  these  products  of  combustion,  which  take  the  place 
of  the  oxygen  in  atmospheric  air,  and  are  in  themselves 
more  or  less  injurious  to  health. 

The  amount  of  cubic  space  allotted  to  each  person  in  a 
room  is  a  matter  of  great  importance,  not  because  cubic 
space,  however  large  in  amount  (as  met  with  under 
ordinary  conditions  of  inhabited  dwellings),  can  take 
the  place  of  a  regular  supply  of  fresh  air  from  outside, 
but  because  the  larger  the  cubic  space,  the  easier  it  is 
to  supply  tlie  proper  amount  of  air  without  creating  a 
draught.  For  instance,  suppose  in  a  dormitory  occupied 
by  ten  persons  the  amount  of  space  per  head  is  only 
300  cubic  feet,  to  supply  3,000  cubic  feet  of  fresh  air 
per  head  per  hour  30,000  cubic  feet  must  be  admitted  in 
this  period,  and  the  air  of  the  room  will  be  completely 
changed  ten  times — a  proceeding  which  would  cause  in 
cold  weather,  unless  the  entering  air  was  warmed,  a 
most  disagreeable  draught.  But  if  the  cubic  space  per 
head  be  1,000  cubic  feet,  then  the  air  of  the  dormitory 
need  be  changed  only  three  times  per  hour  ;  and  if  such 
renewal  is  effected  steadily  and  gradually,  the  cold 
entering  air  is  broken  up,  and,  mixing  with  the  warmer 
air  of  the  apartment,  creates  no  draught. 

A  certain  amount  ol  iuperficial  or  floor  space  is  necessary 
for  each  individual,   for  if   the   height  of  the  room  \s. 


much  over  12  feet,  excess  in  this  direction  does  not 
compensate  for  deficiency  in  tlie  other  dimensions, 
although  the  total  cubic  space  may  be  the  same ;  tlius, 
it  would  not  be  the  same  thing  to  allow  a  man  50  square 
feet  of  floor  space  in  a  room  20  feet  high  as  to  provide 
100  square  feet  in  a  room  10  feet  high,  although  the 
cubic  space  would  be  identical.  The  reason  is  that 
the  organic  matters  of  respiration  are  not  equally 
diffused  throughout  the  air  of  an  apartment,  but  tend 
to  accumulate  in  tlie  lower  strata,  consequently  ex- 
cessive height  docs  not,  in  their  case,  mean  a  corre- 
sponding dilution. 

A  few  exan'ples  of  the  cubic  and  superficial  space 
allotted  under  various  circumstances  may  be  interest- 
ing:— 

Miiilintim 

Ciiliiu  K«'t. 

Common  lodging  houses  (sleep- 
ing rooni«)        .... 

KrKiktcrcd  lodging  houses— 
Ku'inm   oicupicd    by    day   and 

"'K'" 

Ruom*  uicupied  by  n-ght  only 
Nontcxtile  wotkrooni'i 
Non-lcxt'lc    workrooms    duiing 

overtime 400 

Army  Haitatkt     ....      600 
jArmy  lionpiial  ward*   .  .    i.iott 

Public  cUnicnUiy  Mh'io!s    .  .        8o* 

London  UoAid  Schouli  .      ijo| 

Canal    boils    (persons    over    1.11 

yeaii.) I      60J 

Canal    boats   (pcisons   und.r    tif 

>e»r«) I 

Seamen's  cabins .... 
Cows  m  cowsheds 


300     Local  Government  Boa: 


f 


400 

300 
J  50 


800 


Local  Government  t3oard. 
Local  Government  Board. 
I'actory  Act,  1901. 

Factory  Act,  igoi. 
British  Aimy  Rci;u!.itioni. 

Education  Ucpartment. 
Ix>ndon  School  Board. 

Local  Government  Uoaid. 
Kc!;ulalions  under  the 
Canal  Boats  Act,  1877. 

Merchant  .Shipping  Act, 
Local    Gnvcrnment    Board 
Model  Regulations  und<r 
ti.e     Dailies.    Cowsheds, 
.ind  Mi'k«liops  Older. 


*  Minimum  floor  space  8  square  feet. 
t   Mioiir.um  floor  space  10  iquarc  Icct. 

;  An  after  cabin  must  not  be  \t%s  (Uin  tSo  cubic  feel  in  eapacil 
nor  a  foreabin  less  than  Bo, 


Natural  Ventilation. — During  the  colder  months  of  the 
year  in  this  country  a  complete  change  of  the  air  in  an 
inhabited  room,  not  greater  than  three  times  in  an  hour, 
is  all   that  can  t)e  borne  when  the  entering  air  is  not 
artificially  warmed.    Hence  the  importance  of  an  allow- 
ance of  cubic  space  not  much  less  than  i,ooo  cubic  feet 
for  each  individual.      The   area   of  the   inlet  opening 
should  be  sufficiently  large  to  allow  the  required  volume 
of  air  (3,000  cubic  feet)  to  enter  at  no  greater  speed  than 
5  feet  per  second,  or  about  3-4  miles  per  hour.     This 
speed  could  be  attained  where  the  inlet  opening  for  each 
individual  was  24  S'juare  inches.     During  cold  weather 
this  velocity  could  not  be  borne  ;    and  it   may  be   said 
generally  that  efficient  ventilation  cannot  be  tolerated 
by  anyone  in  cold  weather,   unless   tlie  entering  air  is 
artificially  warmed.     A  velocity  of  tlie  entering  air  of 
2  to  3  feet  per  second  is  far  more  agreeable  to  the  senses 
than  a  velocity  of  5  feet;    and  if  the  air  is  artificially 
warmed  to  60°  F.,  the  area  of  the  inlet  opening  may 
be  enlarged   to  48  square  inches   for  each   individual, 
and  the  warmed  air  may  then  be  supplied  at  a  rate  of 
2 J   feet   per  second.     This  would  be   by  far  the  most 
agreeable  form  of  ventilation  in  cold  weather.     If  the 
entering  air  is  artificially  warmed,  the  size  of  the  inlet 
opening  may  even  he  increased  up   to   70  or  80  square 
inches  per  head,  and  the  amount  of  cubic  space  may  be 
diminished,  for  it  would  be  possible  then  to  change  the 
air  of  the  apartment  more  frequently  than  three  times 
per  hour  without  creating  a  draught. 

Of  the  forces  which  act  in  natural  ventilation,  diffu- 
sion causes  the  gaseous  impurities  of  respired  air  to  mix 
with  the  fresh  air  in  a  room  until  homogeneity  is  estab- 
lished. Diffusion,  however,  does  not  affect  the  sus- 
pended matters,  which  lend  lo  full  towards  the  e^xvU 
in  a  still  atmosphere,  ' 
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The  perflating  action  of  the  wind  may  be  utilized  by 
opening  windows  facing  the  wind,  and  the  action  is  in- 
creased when  windows,  or  a  window  and  door  on  oppo- 
site sides  of  a  room,  are  left  open.  Tiie  room  is  rapidly 
and  continually  flushed  with  air,  an  enormous  eflfect 
being  produced,  for  it  is  possible  to  renew  the  air  of 
n  room  in  this  manner  over  a  hundred  times  an  hour, 
even  when  the  movement  of  the  wind  outside  is  only 
2  miles  an  liour,  or  3  feet  per  second,  equivalent  to  a 
very  gentle  breeze.  Such  a  method  is  of  unquestionable 
utility  for  rapidly  changing  the  air  of  an  unoccupied 
room — especially  school  and  work  rooms — and  may  be 
generally  put  in  operation  in  inhabited  rooms  in  summer 
when  the  temperatures  outside  and  inside  the  house 
approximate. 

In  any  system  of  ventilation,  howe\*er,  that  depends 
entirely  on  the  wind,  there  is  always  the  difficulty  of 
regulating  the  velocity  of  the  current,  and  during  com- 
plete calms  the  action  is  of  course  nil.  The  wind,  too, 
often  impedes  ventilation  by  obstructing  the  passage  of 
\'itiatcd  air  from  an  exit  shaft  into  whose  mouth  it 
blows;  and  this  is  not  to  be  wondered  at,  for  when 
lilowing  at  the  rate  of  10  miles  an  hour  the  pressure  of 
the  wind  is  ^  pound  on  each  square  foot  of  surface. 

For  ventilating  the  holds  and  cabins  of  ships  at  sea, 
the  wind  may  be  most  advantageously  utilized.  A  large 
cowl,  placed  so  as  to  face  to  the  wind,  conducts  the  air 
below  by  means  of  a  pipe,  whilst  another  cowl,  reversed 
so  as  to  back  to  the  wind,  allows  the  used  air  to  escape, 
liy  this  exit  shaft  the  aspirating  force  of  the  wind  is 
utilized.  Sylvester's  system  of  house  ventilation  pro- 
ceeds on  the  same  principles.  .\  large  cowl  facing  the 
wind  is  phiced  outside  the  house,  and  conducts  the  air 
to  an  underground  chamber,  where  it  can  l)e  waimed 
if  necessary  by  passing  over  hot  water  or  steam  pipes; 
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it  is  then  conducted  to  the  rooms  above  by  ineaus  of 
tubes,  and  finally  escapes  above  the  roof  through  tubes 
surmounted  by  cowls  backed  to  the  wind. 

The  aspirating  action  of  the  wind  is  constantly  being 
used  to  ventilate  rooms  by  means  of  the  chimney.  With 
a  fire  burning  in  the  grate,  the  draught  up  the  chimney 
is  increased  by  the  aspiration  of  the  wind  when  the  top 
of  the  cliimney  is  above  surrounding  buildings.  Even 
when  there  is  no  fire  in  the  grate,  it  will  usually  be 
found  that  tliere  is  a  current  setting  up  the  chimney. 
Should  the  top  of  the  chimney  be  lower  than  surrotmd- 
ing  structures,  the  wind  striking  these  and  then  de- 
scending will  often  cause  a  back  draught  and  a  smoky 
chimney.  The  remedy  is  evidently  to  carry  up  the 
chimney  to  at  least  the  height  of  the  suirounding  build- 
ings. A  suitable  cowl  surmounting  the  chimney  may 
prevent  or  mitigate  back  drauglit.  From  experiments 
carried  out  by  the  Sanitary  Institute  it  appears  that 
certain  forms  of  cowls  or  terminals  have  the  effect  of 
increasing  the  up  draught  in  air  shafts,  but  that  some 
30  per  cent,  of  those  forms  experimented  with  were 
valueless  for  that  purpose.  It  is  evident  that  on  dull 
days,  when  the  atmosphere  is  still,  ventilation  is  most 
required,  and  that  then  such  air  shafts  surmounted  by 
cowls  or  terminals  are  of  little  v.ilue.  Another  cause  of 
smoky  chinmeys  is  an  insufficient  supply  of  air  to  the 
room.  To  feed  the  fire,  air  is  drawn  down  the  chimney, 
and  coming  down  in  puflTs,  it  causes  an  escape  of  smoke. 
The  remedy  is  obtained  by  making  a  suitable  inlet  for 
fresh  air  into  the  apartment. 

The  movement  produced  by  inequality  in  density  or 
weight  of  contiguous  masses  of  air  at  difl'erent  tenjpera- 
tures  is  the  natural  force  chiefly  relied  on  for  ventilating 
li>c  interior  of  houses  in  this  climate.  This  force  is 
naturally  chiefly  called  into  action  in  cold  \veak\.V\e\,>N\\fcT^ 
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the  difference  between  tlie  internal  and  external  tem- 
perature is  considerable,  and  is  more  of  less  in  abeyance 
in  summer,  when  the  temperature  outside  is  often  equal 
to,  or  even  higher  than,  that  of  the  house.  The  greater 
this  difference  of  temperature  and  the  difference  of  level 
between  the  aperture  for  the  entrance  of  cold  air  and  the 
L  aperture  for  the  exit  of  heated  air,  the  greater  will  be 
^Uie  velocity  of  the  enteiing  air.  We  are  enabled  to  cat- 
^^ulate  the  theoretical  velocity  by  means  of  Montgolfiers 
formula,  which  is  founded  on  the  dynamical  law  that 
the  velocity  in  feel  per  second  of  falling  bodies  is  equal 
to  eight  times  the  square  root  of  the  height  through 
which  they  have  fallen.  In  this  case  the  height  fallen  is 
represented  by  the  difference  in  pressure  of  the  air  inside 
and  outside  the  house,  which  is  equal  to  the  difference 
of  level  between  the  apertures  of  entrance  and  exit  mul- 
tiplied by  the  expansion  of  air  caused  by  the  difference 
in  temperature  inside  and  outside. 

«»  =  8  a/(*  ~  "  *  (' ~  ' )  —  velocity  in  feet  per  second, 
491 

where  h  =  height  of  aperture  of  exit  from  ground  ; 

„     /i  =  .,  entrance  from  ground ; 

„      t  =  temperature  of  air  inside  in  degrees  Fahr. ; 

„      f=  „  „  outside  in  degrees  Fahr. 

In  practice  an  allowance  for  friction  of  J  or  ^  must 
often  be  made.  As  it  is  impossible  to  tell,  with  any 
degree  of  accuracy,  what  allowance  must  lie  made  for 
friction  in  any  given  instance,  the  formula  is  little 
employed  in  actual  practice,  and  the  anemometer  is 
preferred.  If  the  area  of  the  inlet  opening  is  known, 
the  anjount  of  air  entering  the  room  in  a  minute  or  hour 
can  easily  be  calculalctl  by  multiplying  the  velocity  by 
the  area  of  the  inlet  expressed  as  sijuare  feet,  or  as  a 
fraction  of  a  square  foot. 
Ja  a  room  as  usually  constructed  with  sash  windows 
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and  with  a  fireplace  and  cliimncy,  but  witlioiit  any 
special  means  of  ventilation,  wiien  a  fire  is  liurning  in 
the  Rrate,  the  fresh  air  entering  the  room  gels  warmed 
as  it  approaches  the  fire,  and  part  ascends  the  chimney 
flue  while  part  rises  to  the  ceiling.  Cold  air  from  out- 
side will  then  enter — if  the  windows  are  closed — under 
the  door,  under  the  skirting  boards,  between  the  sashes 
of  the  window,  and  through  any  other  chinks  or  aper- 
tures due  to  loose  fittings.  'J'lie  bricks  and  plaster  of 
the  walls  are  also  porous  to  a  certain  extent,  and  if 
uncovered  by  paint  or  wall  paper  will  admit  a  small 
quantity  of  air.  Thus  a  large  volume  of  air  may  be 
entering  a  room  in  cold  weather  when  the  fire  is  burn- 
ing, although  there  are  no  visible  inlets ;  and  the 
amount  of  air  thus  supplied  may  be  sufficient  for  the 
needs  of  two  or  three  persons  if  it  were  properly  dis- 
tributed. But  such  is  not  the  case.  The  cold  air, 
which  enters  chiefly  near  the  floor,  takes  as  straight 
a  course  as  possible  to  the  fireplace,  producing  a  dis- 
agreeable draught  to  the  feet  of  the  occupants,  whilst 
the  heated  and  vitiated  air  near  the  ceiling  is  left  un- 
disturbed. 

It  has  been  found  practically  that,  in  this  country,  to 
prevent  draughts  and  to  insure  a  thorough  distribution, 
fresh  air  not  previously  warmed  should  be  admitted 
into  the  room  above  the  heads  of  the  occupants,  an 
upward  direction  being  given  to  it  so  that  it  may  rise 
towards  the  ceiling,  mix  with  and  be  warmed  by  the 
heated  air  in  this  situation,  fall  gently  into  all  parts  of 
the  room,  and  be  gradually  removed  by  means  of  the 
chimney  flue,  or  other  outlet — which  should  preferably 
be  at  the  highest  part  of  the  room, 

Amongst  simple  contrivances  for  windows  by  which 
these  objects  may  be  attained  may  be  mentioned 
Hinckes-Bird's  method  (tig.  29),  now  so  well  knosNw,  q^ 
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placing  a  solid  block  of  wood  under  the  entire  length  of 
the  lower  sash  frame  of  a  window,  so  as  to  raise  the  top 
of  the  lower  sash  above  the  bottom  rail  of  the  upper 
sash.  By  this  nieans  the  air  is  admitted  b2tween  the 
two  sashes  above  the  heads  of  the  occupants  of  the  room, 

19 
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id  is  given  an  upward  direction  towards  the  ceiling. 
Holes  bored  in  a  perpendicular  direction  in  the  bottom 
rail  of  the  upper  sash,  louvrcd  panes  (fig.  31)  to  replace 
one  of  the  S)|uarcs  of  glass,  an  arrangement  for  allowing 

Be  of  the  squares  of  glass,  provided  with  side  checks, 
fo  fall  inwards  upon  its  lower  Iwrdcr,  or  a  double  pane 
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of  glass  in  one  square,  open  at  the  bottom  outside  am! 
at  the  top  inside,  all  effect  the  same  purpose  and  arc 
simple  and  inexpensive  contrivances.  Cooper's  venti- 
lator (fig.  31),  which  consists  of  a  series  of  apertures 
in  the  glass  of  a  window  pane,  arranged  in  a  circle  and 
capable  of  being  more  or  less  completely  closed  by  a 
circular  glass  disc,  also  with  apertures,  and  movable  on 
a  central  pivot,  does  not  admit  the  air  in  an  upward 
direction,  but  breaks  it   up  into  a   number  of  divided 
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currents,  thus  lessening  the  tendency  to  draught.  The 
same  object  can  be  obtained  by  placing  wire  gauze  or 
muslin  over  any  inlet  opening.  The  most  generally  used 
wall  inlet  ventilators  arc  Sheringham's  valve,  Tobin's 
tube,  and  Ellison's  conical  bricks. 

In  the  Sheringham  valve  (fig.  32)  air  passes  through 
the  wall  by  means  of  a  perforated  iron  plate,  and  is  then 
directed  upwards  by  a  valved  plate  with  side  checks, 
which  projects  into  the  room,  and,  being  hinged  at  its 
lower  border,  is  capable  of  being  more  or  less  completely 
closed  by  a  balance  weight.     The  usual  size  of  the  inlet 
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opening  in  these  ventilators  is  9  inches  by  3,  giving  an 
area  of  27  square  inciies. 

In  Tobin's  tul>e  (fig.  30)  air  is  introduced  from  the 
outside  at  the  floor  level  through  a  perforated  plate,  anil 
then  passes  up  a  vertical  tube  to  a  height  of  from  4  to 
()  feet  above  the  floor.  After  escaping  from  the  tube, 
the  current  of  air  ascends  more  or  less  vertically  for 

several  feet,  liefore  it  begins 
to  spread  out  and  mix  with 
the  air  of  the  room.  In  these 
two  contrivances  (Tobin's 
tube  and  the  Sheringhani 
valve)  the  entering  air  may 
be  filtered  through  muslin 
or  cotton  wool,  or  made  to 
impinge  upon  a  tray  con- 
taining water,  and  so  deposit 
its  sooty  particles — a  pro- 
rcdiire  often  advisable  in 
smoky  towns. 

Tobin's  tul>cs  and  other 
inlet  and  outlet  ventilatois 
should  lie  made  accessible  in 
all  their  parts  for  cleans- 
ing, as  they  quickly  become 
lined  internally  with  dirt 
and  adlictent  hith.  Tobin's 
tubes  should  be  made  de- 
tachable from  the  external 
wall  opening  for  this  pur- 
pose. 

Ellison's  bricks  (fig.  33) 
are  pierced  with  conical 
boles,  the  small  opening,  I  inch  in  diameter,  being 
placed   outsid«   the  house,   whilst   the  larger  opening, 
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l}  inches  in  diameter,  is  placed  inside.  The  thickness 
of  the  brick  is  4J  inches.  The  air  passing  through 
these  conical  apertures  becomes  distributed  over  a 
gradually  increasing  area,  and  in  this  way  its  entrance 
is  rendered  imperceptible  and  unproductive  of  draught. 

All  the  inlet  ventilators  now  described  are  intended 
to  utilize  the  movements  produced  by  contiguous  masses 
of  air  at  unequal  temperatures.  For  this  reason  they 
should  be  protected  as  far  as  possible  from  the  perflating 
action  of  the  wind.  This  cannot,  however,  always  be 
done ;  and  when  a  strong  cold  wind  is  blowing  into  a 
ventilator,  even  of  the  most  approved  sort,  a  most  un- 
bearable draught  is  the  result.  To  obviate  this,  there 
should  be  some  means  of  controlling  the  amount  of 
entering  air  by  partially  closing  the  ventilator,  and  in 
many  cases  the  ventilator  must  be  closed  altogether. 
Sheringham"s  valve,  Tobin's  tube,  and  louvred  inlets, 
fulfil  these  requirements  very  satisfactorily.  It  is  often 
found  that  inlet  ventilators  are  acting  as  outlets  for  the 
escape  of  air,  when  fresh  air  is  entering  a  room  from 
other  sources.  This  cannot  be  obviated,  nor,  indeed,  is 
it  necessary.  All  tliat  can  be  done  is  to  ])lace  the  inlets 
in  the  best  possible  position  for  distributing  tiie  entering 
air  throughout  the  apartment  without  causing  a  draught, 
and  to  close  up  all  such  sources  cf  entering  air  as  are 
productive  of  draughts. 

The  usual  outlet  for  the  vitiated  air  of  a  room  is  the 
chimney  flue  ;  and  this,  for  an  ordinary  medium  sized 
sitting  room,  with  a  fire  burning  in  the  grate,  is  sufficient 
for  three  or  four  people,  provided  no  gas  is  alight,  or  the 
gas  lamp  has  its  own  special  ventilating  arrangement. 
With  an  ordinary  fire,  from  10,000  to  15,000  cubic 
feet  of  air  are  drawn  up  the  chimney  in  an  hour,  the 
current  being  generally  from  3  to  6  feet  per  second  ; 
but  a  large  fire  will  often  induce  a  current  of  8  or  g  feeX 
per  second. 
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Heated  air  rises  to  tlie  top  of  a  room  ;  therefore  the 
proper  place  to  admit  of  the  vitiated  air  escaping  is  in 
or  near  the  ceiling. 

Neil  Arnott's  or  Boyle's  valves  (small  talc  plates), 
which  open  into  the  chimney  flue  near  the  ceiling,  are 
sometimes  used  as  outlets  for  foul  air.  They  permit  air 
to  pass  into  the  flue,  but  prevent  its  return  ;  the  objec- 
tions to  their  use  are  that  they  occasionally  permit  the 
reflux  of  smoke  into  the  room,  and  the  movements  of 
the  plates  produce  a  slight  clicking  noise.  If  exit  shafts 
other  than  the  chimney  flue  are  provided,  they  should 
be  short  and  straight,  and  capable  of  being  readily 
cleansed ;  otherwise  friction,  and  loss  of  heat  by  passage 
of  the  air  through  an  exposed  tube,  will  stop  the  current 
altogether,  or  reverse  it,  causing  a  back  draught.  The 
escaping  air  niust  have  its  temperature  kept  up,  or  it 
may  become  cooler  than  the  air  of  the  apartment. 

One  of  the  best  methods  of  attaining  this  object,  which 
might  be  put  into  practice  in  all  new  buildings,  is  to 
construct  a  shaft  at  one  side  of  or  surrounding  the 
chimney  flue,  with  an  inlet  near  the  ceiling  of  the  room, 
and  the  outlet  at  the  level  of  the  chimney  top.  The  air 
cscapmg  from  the  room  will  then  have  its  temperature 
kept  up  by  contact  with  the  chimney  flue,  thus  aiding 
,thc  up  draught,  whilst  the  risk  of  reflux  of  smoke  will 
be  avoided.  The  air  flues  may  be  moulded  in  the  same 
])iccc  of  fire  clay  as  the  smoke  flue ;  but  those  from 
idifTcrent  rooms  should  not  be  connected  in  any  way,  or 
■bul  air  ftom  one  room  might  pass  into  another. 
'  The  combustion  of  gas  may  Ik;  maile  a  very  effective 
ineans  of  getting  rid  of  foul  air.  It  has  been  founil  by 
^xperimcnl  that  the  combustion  of  i  cubic  foot  of  coal 
kas  causes  the  discharge  of  i.ooo  cubic  feet  of  air.  An 
extraction  shaft  nuy  l>c  placed  over  a  gas  lamp  or 
■phindelicr;    or    l>y  means   of   a    Bcnham's  ventilating 
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globe  light,  or  a  Mackinnel's  ventilator,  slightly  warmed 
fresh  air  ruay  be  admitted  at  the  same  time  as  foul  air 
is  extracted. 

Mackinnel's  ventilator  is  very  useful  for  a  room  whicli 
has  no  other  apartment  over  it.  Two  tubes,  one  inside 
the  other,  are  carried  through  the  ceiling  or  roof  of  the 
building.  The  inner  one,  which  is  for  the  extraction  of 
foul  heated  air,  projects  outside  above  the  outer,  and 
inside  also  below  it.  .\t  its  lower  end  a  broad  circular 
horizontal  rim  is  attached  to  the  inner  tube  which 
deflects  the  air  entering  by  the  outer  tube,  and  causes 
it  to  pass  for  a  short  distance  parallel  to  the  ceiling 
before  falling  into  the  room,  as  otherwise  the  fresh  air 
would  be  drawn  round  into  the  inner  or  exit  shaft. 
The  gas  burners  or  lamps  used  to  light  the  room  may 
be  placed  immediately  under  the  inner  tube  of  this 
ventilator.  The  inner  or  extraction  tube  should  have  its 
top  protected  by  a  cover  or  cowl,  to  prevent  the  wind 
blowing  down  and  the  entrance  of  rain,  which  by  evapo- 
ration might  so  cool  the  escaping  air  as  to  cause  it  to  be 
Jieavier  than  the  air  of  the  apartment.  The  entering  air 
will  be  slightly  w^armed  by  its  passage  over  the  heated 
extraction  shaft.  The  area  of  the  outer  tube  for  the 
passage  of  fresh  air  should  be  equal  to,  or  slightly  larger 
(for  there  is  more  friction  to  overcome)  than,  the  area  of 
the  inner  tube  for  exit  of  foul  air.  Mackinnel's  ventilator 
is  well  adapted  for  large  buildings,  as  schools,  churches, 
halls,  &c.,  which  have  no  upper  floors  or  stories.  Ben- 
ham's  ventilating  globe  light,  as  its  name  expresses, 
combines  ventilation  and  lighting;  slightly  warmed  fresh 
air  is  admitted,  and  foul  air  is  extracted  along  with  the 
products  of  combustion.  In  theatres  sunlight  burners 
are  largely  used  ;  they  aid  the  extraction  of  foul  air,  but 
do  not  admit  fresh  air. 

In   Pott's   method   of  ventilation   a   hollow  metallic 
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perforated  cornice  is  divided  into  an  upper  and  lower 
half  by  means  of  a  horizontal  plate.  Pure  air  enters  the 
room  through  the  lower  half,  which  communicates  with 
the  outside  air,  and  foul  air  is  extracted  through  the 
upper  half,  which  opens  into  the  chimney. 

Extraction  shafts,  like  inlet  openings,  are  liable  to 
have  their  action  reversed  under  certain  circumstances. 
Whsn  the  wind  is  blowing  down  upon  them,  when  rain 
gets  in,  when  the  escaping  air  is  subject  to  much  cooling 
in  an  exposed  shaft,  or  when  there  are  more  outlets  than 
one  in  a  room,  one  predominating  over  the  others,  down 
draughts  are  likely  to  occur.  This  most  frequently 
liappens  when  the  draught  up  the  chimney  is  very 
great  from  there  being  a  large  fire  burning ;  then  there 
is  a  tendency  for  every  other  opening  into  a  room  to 
lx:come  an  inlet.  Also,  when  the  wind  is  blowing  down 
an  exit  shaft  or  chimney  flue,  the  windows  or  inlet  ven- 
tilators may  become  outlets.  These  matters  can,  how- 
ever, generally  be  regulated  by  attention  to  the  facts 
and  principles  which  have  been  already  laid  down  as  a 
guide  to  proper  ventilation. 

It  will  be  convenient  to  mention  in  this  place  some 
f.icts  with  regard  to  loss  of  velocity  in  air  shafts  by 
friction.  The  actual  loss  can  in  some  cases  be  detcr- 
minetl  by  calcubting  the  theoretical  velocity  in  an  air 
shaft  by  Montgolhcr's  formula,  and  then  ascertaining 
practically  by  means  of  a  current  meter  or  anemometer 
the  actual  rate  at  which  the  air  is  issuing  or  escaping. 
The  diiTcrencc  represents  the  loss  due  to  friction  ;  but 
allowance  must  of  course  t>c  made  for  disturbing  forces 

h  as  the  perflating  or  aspirating  action  of  the  wind. 
Contrasting  two  similar  tubes  of  equal  sectional  area, 
the  loss  by  friction  will  be  directly  as  thr  length  of  the 
tultc.  If  the  two  similar  tubes  arc  of  unequal  size,  the 
by  friction  is  inversely  as  the  diameter  of  the  cross 
etion  in  each. 


• 


AIR   AND   VENTILATION. 

When  two  tubes  are  dissimilar  in  shape,  the  loss  by 
friction  is  inversely  as  the  square  roots  of  the  sectional 
areas.  A  circle  is  a  figure  which  includes  the  greatest 
area  within  the  smallest  periphery;  thus,  if  there  are 
two  tubes,  one  of  which  is  circular  in  section  and  the 
other  square,  but  having  the  same  area,  (i  square  foot), 
the  loss  by  friction  is  directly  as  the  periphery,  and  in 

this  case  is  as  ^,  the  periphery  of  the  square  being 

4 
4  feet  and  of  the  circle  3i  feet.  Every  right  angle  in 
a  bent  shaft  diminishes  the  velocity  of  the  current  one- 
half.  It  will  thus  be  seen  that  air  shafts  should  prefer- 
ably be  circular  in  section,  short,  and  straight,  so  as  to 
diminish  the  loss  by  friction  as  far  as  possible.  The 
absurdity  of  ventilating  soil  pipes  and  drains  by  narrow 
pipes,  I  inch  or  less  in  diameter,  of  great  length,  and 
bent  on  themselves  often  to  a  right  angle,  is  apparent 
from  the  above  statements.  The  ventilation  of  drains  is 
always  difficult  to  establish ;  carried  out  by  such  methods 
it  becomes  an  impossibility. 

Ventilating  appliances  whose  object  is  the  supply  of 
artificially  wanned  air  will  be  considered  separately  in 
the  chapter  on  heating  and  warming. 

Artificial  Vetttilaliflit. — Under  this  heading  arc  usually 
described  methods  of  extraction  of  air  from  inhabited 
buildings  by  means  of  heat,  steam,  or  fans;  and 
methods  of  propulsion  of  air  into  buildings  by  mechanical 
means.  It  has  been  found  convenient  to  describe  under 
natural  ventilation  of  rooms  the  ventilating  effects  pro- 
duced by  fires  and  chimneys  in  ordinary  rooms;  and  the 
extractive  properties  of  gas  lights  have  been  also  alluded 
to,  although,  properly  speaking,  fires  and  gas  are  arti- 
ficial means  of  ventilation. 

The  fire  and  chimney  of  an  ordinary  sitting  room 
are  types  of  the  methods  used  on  a  larger  scale  for  ex- 
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traction  by  heat.  The  principle  is  the  same  in  all,  and 
depends  on  the  heating  of  a  column  of  air  in  an  extrac- 
tion shaft,  which  being  thus  made  lighter  ascends ;  as 
long  as  the  heat  is  applied,  a  continual  current  of  air 
towards  the  shaft  is  produced,  which,  in  its  turn  being 
heated,  ascends  and  escapes,  to  be  replaced  by  more 
from  below. 

It  is  in  this  way  that  some  mines  are  ventilated.  The 
underground  workings  and  galleries  of  the  mine  are 
connected  with  two  large  shafts,  usually  from  8  to  12  feet 
in  diameter,  leading  to  the  open  air — an  upcast  shaft  and 
a  downcast  shaft — in  such  a  manner  that,  if  air  is  made 
to  pass  down  the  downcast  or  intake  shaft,  it  has  to 
travel  through  all  the  workings  of  the  mine  before  it  can 
escape  by  the  upcast  or  return  shaft. 

The  power  which  produces  this  continued  movement 
of  air  is  supplied  by  a  furnace  at  the  bottom  of  the 
upcast  shaft  exerting  an  extractive  force  by  the  heated 
column  of  air,  as  previously  described.  In  many  mines 
the  extractive  force  is  exerted  by  means  of  a  powerful] 
rotary  exhaust  fan  placed  at  the  top  of  the  upcast  shaft; 
such  fans  can  be  made  to  propel  some  1 2,000  cubic  feet 
of  air  per  minute.  Numerous  doors  and  partitions  are 
necessary  in  the  galleries  and  workings  in  order  to  make 
the  air  traverse  the  whole  length  of  these,  and  prevent 
Its  taking  sliott  cuts.  An  enormous  volume  of  fresh  aiffl 
must  be  passed  through  a  mine  in  the  course  of  everjr 
hour  m  order  to  supply  the  quantity  necessary  for  the 
respiration  of  the  men  and  ponies  employed  under- 
ground, and  to  withdraw  the  products  of  combustion  o^ 
hgbts  (lamps  and  candles)  and  agents  used  for  blasting, 
and  replace  these  injutiuus  gases  by  pure  air. 

Where  fire  damp  (CHj  is  evolved  from  the  strata  cut 
through,  the  ventilation  must  lie  even  in  excess  of  these 
requirements,  in  order  to  dilute  this  gas  sufficiently  to 
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prevent  its  forming  an  explosive  compound  willi  atmo- 
spheric oxygen.  The  same  may  be  said  with  regard  to 
the  evolution  of  carbonic  acid  from  the  rocks  under- 
ground, which  so  frequently  takes  place.  This  gas  must 
not  be  allowed  to  form  much  over  i  per  cent,  of  the 
underground  air,  or  its  asphyxiating  properties  will  be 
exerted  on  all  animal  life  within  its  influence.  The 
injurious  effects  produced  by  gunpowder  blasting,  are 
no  longer  necessary  evils  in  the  life  of  the  collier  or  coal 
miner  since  the  introduction  of  cartridges  made  of  quick 
lime,  which  swell  up  from  slaking  when  water  is  run 
over  them,  and  exert  their  action  without  producing 
any  gas  at  all.  By  the  use  of  such  cartridges  there  is, 
besides,  no  risk  of  explosion  from  ignition  of  fire  damp, 
or  of  coal  dust.  Other  substitutes  for  explosives  in  fire 
damp  collieries  are  plugs  of  dry  wood,  which  swell  when 
wetted,  w'edges  worked  by  hydraulic  pressure,  and  car- 
tridges containing  compressed  air  at  extremely  high 
pressures. 

Dynamite  is  now  largely  used  instead  of  gunpowder, 
as  it  is  more  powerful,  may  be  used  under  water,  and 
requires  no  hard  tamping.  It  is  a  mixture  of  nitro- 
glycerine CjH53{NOj)  and  infusorial  earth  or  kiesel- 
guhr.  Carbonic  oxide  is  not  one  of  the  products  of  its 
explosion  under  pressure  ;  and  hence  its  superiority  to 
gunpowder,  in  which  carbonic  oxide  forms  7*  f>er  cent. 
of  the  explosive  gases.  There  is  besides  no  formation  of 
sulphuretted  hydrogen  and  marsh  gas  when  dynamite  is 
exploded.  These  gases  form  respectively  about  2  per 
cent,  of  the  total  gases  resulting  from  gunpowder  ex- 
plosion. Carbonic  acid  and  nitrogen  form  nearly  the 
entire  bulk  of  ihe  gases  resulting  from  nitroglycerine 
explosion  in  closed  vessels.  Nitrated  gun  cotton  and 
blasting  gelatine  (nitro-cotton  and  nitroglycerine)  are 
also  superior  to  gunpowder   for  the  same  reasons,  cat 


I 


I 


HYGIENE   AND   Pl.'BLIC   HEALTH. 


bonic  acid  and  nitrogen  forming  almosl  the  entire  hulk 
of  the  gases  generated  when  these  substances  are  ex- 
ploded under  pressure.* 

Notwithstanding  tlie  importance  of  an  abundant 
supply  of  pure  air  to  all  the  workings  of  a  mine,  it  has 
been  found  impossible  by  the  Government  inspectors 
to  insist  even  on  so  low  a  standard  of  purity  as  that 
indicated  by  025  per  cent,  of  CO,  in  the  air.  It  is  said 
that  in  every  mine  at  least  6,000  cubic  feet  of  fresh  air 
per  hour  should  be  supplied  for  every  man  employed 
below,  for  if  this  quantity  is  much  reduced  there  is  a 
serious  diminution  in  the  amount  of  work  performed  by 
the  men,  so  that  even  commercially  it  pays  employers 
to  have  adequate  ventilation.  In  mines  where  fire 
damp  or  choke  damp  is  evolved,  the  amount  of  fresh 
air  supplied  should  exceed  this  figure.  The  furnace 
at  the  bottom  of  the  upcast  shaft  must  be  regulated 
according  to  the  number  of  men  employed  and  the 
amount  of  work  that  is  going  on  at  any  time  below 
ground. 

Public  halls,  hospitals,  and  other  large  buildings  are 
sometimes  ventilated  on  the  extraction  principle.  Shafts 
for  the  escape  of  vitiated  air  lead  from  the  different 
rooms  and  open  into  the  chimney  just  over  the  furnace. 
The  air  from  these  shafts  should  not  l»e  used  to  supply 
the  fire  or  furnace,  but  should  open  into  the  flue  just 
above  it,  where  the  draught  is  greatest. 

The  column  of  air  in  the  extraction  shaft  may  be 
heated  by  steam  or  hot  water  pipes  instead  of  by  a  fire. 
This  is  the  plan  adopted  at  the  HApital  Lariboisiire  in 
Paris.  The  extraction  shaft  is  heated  throughout  the 
greater  part  of  its  length  by  spiral  hot  water  pipes 
coming  from   a   boiler   in    the   basement.      These   hot 

*"  Encyclopedia  Btiunnica." article  on  "  Mintn|(,"b,.'  C.  t.e  Neve 
Foitcr,  D.Sc..  F.R.S. 
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Water  pipes  are  also  carried  into  the  wards,  where  the; 
are  coiled  so  as  to  warm  the  fresh  air  entering  fron 
without ;  they  then  return  to  the  boiler,  and  thus  com 
plete  the  circuit.  The  tubes  from  the  wards  for  th 
escape  of  foul  air  open  into  the  bottom  of  the  extractioi 
shaft.  In  summer  tlie  circulation  of  hot  water  in  th 
pipes  in  the  wards  is  stopped,  the  circuit  being  com 
pleted  by  return  pipes  from  the  top  of  the  extractioi 
shaft,  so  that  the  ventilation  continues,  but  the  ai 
entering  the  wards  is  not  artificially  warmed. 

The  column  of  air  in  the  extraction  shaft  may  bi 
heated  by  gas  instead  of  by  fire ;  but  tliis  method  i 
more  suitable  for  the  smaller  tubes  used  as  exit  shaft 
in  ordinary  sized  dwelling  rooms.  Foul  air  may  alsi 
be  extracted  by  passing  a  steam  jet  into  a  chimney  o 
upcast  shaft.  The  shafts  for  the  escape  of  foul  air  mus 
open  into  the  extraction  shaft  below  the  steam  jet.  Thi 
cone  of  steam  emilted  from  a  boiler  is  Said  to  set  ii 
motion  and  drive  before  it  a  bocJy  of  air  equal  to  21' 
times  its  own  bulk. 

On  board  steamships  and  men-of-war  it  has  beej 
found  that  very  effective  ventilation  can  be  obtained  b; 
causing  the  furnaces  to  extract  the  air  from  all  parts  o 
the  ship  through  special  shafts.  By  this  means  also 
if  the  boilers  and  steam  apparatus  are  enclosed  ii 
iron  casings,  as  far  as  possible,  within  which  the  ai 
shafts  open,  the  temperature  of  the  stokehole  is  greatl; 
reduced. 

Some  of  the  chief  objections  to  the  method  of  extrac 
tion  by  heat  are:  (i)  Where  the  heat  is  produced  by  i 
furnace,  it  is  most  difficult  to  keep  this  at  a  constan 
temperature,  consequently  the  draught  is  often  ver; 
irregular.  This  difficulty  is  not  encountered  where  th' 
extraction  shaft  is  heated  by  steam,  gas,  or  hot  wate 
pipes,  or  where  the  air  in  it  is  forced  upwards  by  steam 
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(2)  III  all  cases  wjiere  a  number  of  air  conduits  from 
rooms  at  difl'erenl  distances  open  into  an  extraction 
shaft,  there  is  a  {^reat  tendency  to  create  powerful 
currents  from  rooms  that  are  near,  and  liave  short 
conduits  leading  from  tliem  ;  whilst  from  the  distant 
apartments  with  long  and  perhaps  much  curved  con- 
duits the  current  may  be  very  slight,  or  even  nil.  Tliis 
difficulty  may  to  a  certain  extent  be  overcome  by 
increasing  the  diameter  of  the  longer  pipes  so  as  to 
reduce  the  friction,  and  by  bending  the  shorter  pipes  so 
as  to  increase  it ;  but  in  practice  it  is  a  rather  serious 
drawback.  (3)  \Vhen  air  is  drawn  out  of  a  room  it  is 
somewhat  difficult  to  control  the  entrance  of  fresh  air  to 
supply  its  place,  especially  w-ith  regard  to  its  points  of 
entry,  and  its  exclusion  from  places  such  as  water- 
closets,  from  which  it  is  most  desirable  that  no  air 
should  be  taken. 

In  the  ventilation  of  factories,  steam  may  often  be 
economically  and  usefully  applied  as  the  extraction 
force,  but  extraction  by  fans  has  also  been  largely  used, 
and  presents  considerable  advantages,  as  the  amount  of 
draught  can  be  nicely  regulated  by  altering  the  speed 
(the  number  of  revolutions  per  minute)  at  which  the  fan 
is  driven.  It  is  especially  in  the  textile  trades — in  the 
cotton,  woollen,  silk,  worsted,  and  flax  factories — that 
ventilation  is  most  urgently  needed.  In  many  of  the 
processes  of  these  manufactures  the  work  is  not  only 
carried  on  in  clouds  of  dust,  but  also  in  greatly  heated 
atmospheres  which  are  saturated  with  moisture,  this 
being  necessary  in  some  instances  to  the  proper  per- 
formance of  the  work.  To  carry  off  the  floating  par- 
ticles of  dust,  it  is  necessary  to  induce  a  powerful 
current  in  the  exit  shaft,  so  that  the  air  may  be  drawn 
in  as  if  to  a  vortex.  In  some  cases  the  opening  into  the 
exit  »l>aft  may  be  ia  the  centra  of  the  toom ;    but  it  is 
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more  often  advisable  to  carry  the  dust  away  as  soon  as 
it  originates,  and  before  it  can  mix  with  the  general  air 
of  the  apartment. 

Thus,  in  the  wool  sorting  trade,  each  bench  on  which 
the  wool  is  sorted  has  an  opening  leading  by  means  of 
a  pipe  into  the  extraction  shaft,  ?.t  the  extremity  of 
which  the  exhaust  fan  is  working.  When  the  wool  is 
being  shaken,  the  dust,  amongst  which  may  be  the 
spores  of  Bacillus  anlhracis,  is  drawn  into  the  tube,  and 
does  not  mix  with  the  air  which  is  inhaled  by  the  work- 
men. The  dust  is  then  driven  into  settling  chambers, 
where  it  is  damped  by  steam  jets,  and  so  deposited  can 
be  collected  and  burnt.  In  silk  dressing  processes,  air 
tubes  are  placed  above  the  machinery  with  dependent 
hooded  openings,  which  cover  the  area  of  dust  produc- 
tion and  quickly  remove  the  dust ;  such  Hues  either 
lead  into  the  chimney  flue,  or  have  a  powerful  draught 
created  in  them  by  means  of  fans  placed  towards  the 
end  of  the  shaft  which  leads  from  them  to  the  outside 
air.  In  the  dry  grinding  processes  of  the  metal  trades, 
the  air  tubes  are  placed  level  with  the  grindstones  and 
have  openings  opposite  each  stone,  in  such  positions  as 
to  catch  the  dust,  as  it  is  driven  off,  and  carry  it  away 
at  once.  The  best  material  for  the  exit  shafts  and  tubes 
is  galvanized  sheet  iron,  as  it  can  be  made  into  smooth 
circular  pipes.  Arrangements  must  be  made  to  provide 
that  the  draught  from  the  benches,  or  the  workrooms 
nearest  the  fan,  is  not  so  great  as  to  prevent  the  shafts 
at  a  distance  from  working  properly. 

A  very  convenient  form  of  fan  is  that  known  as  the 
Blackman  .\ir  Propeller ;  it  can  be  used  for  exhaustion 
(vacuum  ventilation)  or  for  propulsion  (plenum  ventila- 
tion), and  is  very  powerful  in  its  action,  its  vanes  being 
large  and  curved.  Another  good  form  of  fan,  which  is 
noiseless  in  its  working,  is  that  known  as  the  Sturtevant 

L'  2 


A 


292 


HYGIENE    AND    PUBLIC    HEALTH. 


"  blower."  Tliey  can  be  driven  by  a  gas  or  steam 
engine,  by  water  or  electricity,  and  are  employed  for 
removing  dust,  foul  air,  or  fumes  and  steam.  When 
used  for  propelling  air  into  a  building,  the  rate  of  move- 
ment in  the  main  conduit  should  not  exceed  5  feet  per 
second,  and,  where  delivered  into  the  rooms,  not  more 
than  1^  or  2  feet  per  second.  The  sectional  area  of  the 
air  shafts  should  be  at  least  equal  to  that  of  the  fan,  so 
as  to  reduce  resistance  by  friction.  The  warmed  fresh 
air  should  be  delivered  by  the  pipes  into  the  rooms  near 
the  ceilings.  As  it  cools,  it  descends,  and  becomes 
equally  distributed  over  every  part.  No  special  exit 
shafts  are  required,  and  those  existing  near  the  ceiling 
should  be  closed.  The  air  finds  its  way  out  through 
fireplaces,  doors,  windows,  or  the  innumerable  minute 
apertures  by  which  every  room  communicates  with  the 
exterior. 

Ventilation  by  propulsion  presents  several  advan- 
tages. The  amount  of  air  delivered  and  the  rate  of 
movement  can  be  regulated  with  nicety,  and  the  enter- 
ing air  can  be  taken  from  any  point  desired,  can  be 
warmed,  cooled  by  a  spray  of  water,  or  filtered  through 
muslin  or  cotton  wool  in  sftecial  chambers;  and  all  this 
can  l>e  done  at  one  spot  for  a  number  of  rooms  or 
buildings. 

In  the  Houses  of  Pailiament  at  Westminster  a  com- 
bined method  of  ventilation  by  propulsion  and  extrac- 
tion by  heat  is  in  operation.  Air  is  propelled  by  rotatory 
fans  along  conduits  to  the  basenient,  where  it  is  filtered 
through  cotton  wool  and  warmed  in  winter  by  passing 
over  steam  pipes,  and  then  passes  upward  through 
shafts  into  the  space  l>encath  the  grated  floor  of  the 
House.  The  licat  can  be  regulated  by  covering  the 
steam  pipes  with  woollen  cloths,  and  in  summer  the 
entering  air  can  be  sprayed  with  water  or  cooled  by 


I 


AIR  AND  VENTILATION. 


293 


passing  over  ice  in  the  conduits.  The  vitiated  air  in 
the  House  passes  through  a  perforated  glass  ceiling  in 
the  roof,  and  is  then  conducted  by  a  shaft  to  the  base- 
ment of  the  clock  tower,  where  it  passes  into  the  flue  of 
a  large  furnace. 

In  Verity's  system,  air  is  set  in  motion  by  a  spray  of 
w.iter  from  a  number  of  very  fine  jets.  The  rate  of 
motion  can  be  regulated  by  the  tap  which  supplies  the 
jet.  The  method  is  useful  for  houses  where  it  is  not  de- 
sired to  go  lo  the  expense  of  fans  driven  by  machinery. 

In  addition  to  hot  water  pipes,  the  incoming  air  may 
be  warmed  by  passing  it  into  firebrick  chambers,  or 
through  air  ducts,  placed  behind  and  at  the  sides  of  a 
fire  grate  or  stove  ;  or  the  air  may  be  warmed  by  con- 
ducting it  through  a  tube  which  passes  through  the 
centre  of  a  gas  stove  (George's  Caiorigen  and  Bond's 
Euthermic). 

The  Manchester  stove  is  largely  used  for  schools, 
hospitals,  &c.  In  this  stove  the  cold  air  is  carried  along 
a  shaft  placed  between  the  joists  of  the  flooring,  and 
enters  a  firebrick  chamber  built  into  the  back  of  tlie 
grate.  It  then  passes  through  tubes  leading  from  the 
top  of  this  chamber,  and,  travelling  round  the  hottest 
part  of  the  smoke  flue,  enters  the  room  through  openings 
at  the  top  of  the  stove.  The  smoke  flue  is  bent  back 
and  carried  down  the  back  of  the  stove,  passing  under 
the  flooring  to  the  outside,  where  it  is  carried  up  as  a 
chimney. 


Practical  Examination  of  the   Ventilation  of  Inhabited  Rooms. 

In  the  first  place  it  is  necessary  to  determine  the 
amount  of  cubic  space.  In  rooms  of  regular  shape  this 
may  be  done  by  multiplying  together  the  three  dimen- 
sions of  height,  length,  and  breadth.     If  the  room  is 
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irregular  in  form,  containing  recesses  and  projections, 

or  with  a  raised  ceiling,  it  is  usually  most  convenient  to 

divide  it  up  into  a  number  of  simpler  parts,  whose  cubic 

contents  can  be  determined  by  some  one  or  more  of  the 

following  rules: 

Area  of  circle— square  of  diameter  (D*)  x  07854. 

Circumference  of  circle=:U  x  3'i4i6. 

Area  of  ellipse  — the  product  of  the  two  diameters 

X  07854. 

Circumference  of  ellipse=half  the  sum  of  the  two 

diameters  x  3' 14 16. 

Area  of  squarc=square  of  one  of  the  sides. 

Area  of  rcctangle=the  product  of  two  adjacent  sides. 

Area  of  triangle— base  X  i  height. 

Area  of  a  parallelogram=divide  into  two  triangles 

by  a  diagonal,  and  take  the  sum  of  the  areas  of 

tlie  two  triangles. 

.\rea  of  trapezoid— half  the  product  of  the  parallel 

sides    X    the  perpendicular  distance   between 

them.     A  trapezoid  is  a  plane  four  sided  figure 

having  two  of  its  opposite  sides  parallel. 

H* 

Area  of  segment  of  circle  =  (Ch  x  H  x  J)  + 

2Ch. 

(Ch  =  chord,  H  =  height.) 

Cubic  capacity  of  cube  or  solid  rcctangle=  length 

X  height  X  breadth. 
Cubic  capacity  of  solid  triangle  =  area  of  triangle 

X  height. 
Cabic  capacity  of  cylinder  =  area  of  base  (circle) 

X  height. 
Cubic  capacity  of  cone  or  pyramid  =^  area  of  base 

(circle)  x  i  height. 
Cubic  capacity  of  dome  =  area  of  base  (circle)  x  | 

height. 
Cubic  capacity  of  sphere  =  D*  x  0:5336. 
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Thus,  supposing  it  was  required  to  determine  the  cubic 
capacity  of  a  circular  hospital  ward  30  feet  in  diameter, 
with  walls  10  feet  high,  and  a  dome-shaped  roof  5  feet 
high.  The  area  of  the  base  or  floor  space  is  706-86 
square  feet.  The  cubic  capacity  of  the  cylinder  below 
the  dome  is  706-86  x  10  =  7o68'6  cubic  feet,  to  which 
must  be  added  the  cubic  capacity  of  the  dome  =  2356'2 
cubic  feet.  So  that  the  cubic  capacity  of  the  ward  is 
9424-8  cubic  feet. 

Having  determined  the  gross  cubic  space,  the  next 
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ERRATUM. 
Page  394,  line  19, /or  "  half  the  product  "  read  "  half  the  sum." 


to  toe  smoKe  evoiveu  irom  binuuiueiiii^  uiuwu  papci  ui 
cotton  velvet,  when  held  close  to  the  apertures,  some  of 
which  will  be  found  to  act  as  inlets  and  others  as  outlets. 
The  rate  of  movement  of  air  through  these  apertures 
maybe  approximately  ascertained  by  placing  in  them  an 
anemometer,  which  is  an  instrument  consisting  of  four 
little  revolving  sails  driven  by  the  wind  or  current  of  air. 
The  sails  turn  an  a.\is  with  an  endless  screw  running  ou 
small  toothed  wheels,  which,  by  means  of  a  plate  and 
dial,  indicate  the  number  of  revolutions  of  the  axis  and 
the  space  traversed  by  the  sails.  By  experiment  with 
air  moving  at  a  known  rate  of  speed,  the  anemometer 
may  be  graduated.  It  appears,  however,  that  e\-en  tested 
anemometers  are  subject  to  variations,  and  too  much 
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reliance  must  not  be  placed  on  their  indications.  When 
the  instrument  is  placed  in  a  ventilating  shaft  or  opening, 
it  should  be  placed  about  two-fiftlis  of  the  distance  from 
the  centre  to  the  margin  of  the  opening,  that  being  the 
situation  where  the  mean  velocity  is  most  generally 
obtained.  A  modification  of  the  water  manometer,  or 
pressure  gauge,  is  occasionally  used.  The  current 
of  air  impinges  on  the  surface  of  the  water  in  one  arm 
of  the  bent  tube,  and  in  proportion  to  its  strength 
drives  the  water  up  the  other  arm,  which  is  inclined 
at  a  certain  angle.  The  records  obtained  in  this 
manner  can  be  comparetl  with  the  theoretical  velocities 
arrived  at  by  the  use  of  Montgolfier's  formula,  allow- 
ances being  of  course  made  for  friction  and  wind.  When 
the  wind  is  at  all  strong  and  is  blowing  directly  into  inlet 
ventilators,  or  is  exerting  a  powerful  aspirating  action  on 
chimneys  or  exit  shafts,  calculation  is  useless. 

As  air  enters  a  room  by  every  crack  and  crevice,  and 
may  even  do  so  through  the  brickwork  of  the  wall,  it  is 
practically  impossible  to  gauge  the  amount  of  the  in- 
coming air.  The  Itest  plan  is  to  deduce  it  from  the 
iimount  which  is  leaving  the  room,  as  the  outgoing  air 
will  only  leave  the  room  by  well  defined  channels  or  out- 
lets. In  an  ordinary  room  practically  the  whole  of  such 
nir  tends  to  escape  by  the  fireplace,  the  entrance  to  the 
flue  of  which  has  generally  a  transverse  section  of  about 
126  s(]uarc  inches.  If  the  rate  at  which  the  air  is 
travelling  is  ascertained  by  an  anemometer,  the  amount 
of  air  leaving  the  tovm  is  easily  calculated.  Thus, 
assuming  the  velocity  to  l)C  7  feet  p<*r  second,  then  the 
quantity   of  air  escaping    will   equal   this   velocity    x 


the  sectional  arci  of  the  opening  (in  feet)  =  7  x 


>44 


6-t  cubic  feel  per  second,  or  22,030  cubic  feet  per  hour, 
samples  of  the  ajr  arc  to  ^  taken  for  an  estimation  of 
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the  COj,  any  gas  burners,   lamps,  iSn:.,  which  may  be 
alight  at  the  time  tmist  be  carefully  noted, 

In  any  scheme  of  ventilation,  regard  must  be  had  to 
the  following  practical  points:  — 

1.  When  air  is  heated  it  expands  and  tends  to  rise; 
when  air  is  cooled  it  contracts  and  tends  to  fall. 

2.  Cold  air  tends  to  enter  a  room  and  to  move  about 
very  much  as  water  would  ;  and  this  holds  true  so  long 
as  the  temperature  of  the  fresh  air  remains  lower  than 
that  in  the  room. 

3.  The  extent  of  inlet  provision  for  fresh  air  is  not 
quite  of  the  same  importance  as  that  for  the  exit  of  foul 
air ;  for  if  foul  air  is  extracted  in  sufficient  quantities, 
fresh  air  will  enter  somehow  to  replace  it,  as  by  skirt- 
ings, crevices  in  doors,  and  windows,  or  even  through 
the  brick  work  of  the  walls, 

4.  The  inlet  provision  for  fresh  air  should  average 
24  square  inches  for  each  individual;  the  provision  of 
inlet  areas  somewhat  larger  than  those  of  exit  tends  to 
minimize  draughts. 

5.  Inlets  should  be  as  low  in  the  room  as  possible, 
viz.,  just  above  the  floor  (so  as  not  to  raise  the  dust) 
if  the  outside  air  is  warm  or  has  been  warmed  prior  to 
entry,  but  at  a  height  of  about  5  feet  if  the  outside  air  is 
cold ;  otherwise  unpleasant  draughts  are  experienced. 
As  a  further  protection  against  unpleasant  draughts 
when  cold  air  is  admitted,  the  incoming  air  should  be 
directed  upwards ;  while  hot  air,  since  it  tends  to  rise, 
should  be  directed  downwards. 

6.  Outlets  should  in  every  case  be  as  high  as  pos- 
sible, and  preferably  close  to  or  in  the  ceiling  ;  and  they 
should  have  their  extractive  powers  maintained  by 
means  of  heat  or  an  exhaust  fan,  or  they  are  liable 
to  act  as  inlets. 

7.  Where  practicable,  an  effort  should  be  made  to  so 
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place  outlets  that  the  vitiated  air  is  drawn  towards 
them  before  mixing  with  the  general  air  of  the  apart- 
ment. 

8.  There  is  a  tendency  for  fresh  air  to  take  a  direct 
course  to  the  outlets,  and  this  must  be  counterbalanced 
by  a  judicious  selection  of  the  relative  positions  of  inlets 
and  outlets. 

9.  Methods  of  ventilation  devised  to  ventilate  crowded 
premises  are  generally  inefficient,  unless  the  incoming 
air  can  be  warmed  in  winter  to  about  60"  F. ;  for  effi- 
cient ventilation  by  cold  air  cannot  be  tolerated,  and 
there  is  a  great  tendency  among  workers  to  close  all 
ventilating  inlets. 

10.  With  less  than  250  cubic  feet  of  space  per  head, 
no  ventilation  can  ever  be  satisfactory  which  is  not 
aided  by  mechanical  force. 

tt.  The  source  of  the  incoming  air  should  be  con- 
sidered. It  should  not  l>e  borrowed  from  adjoining 
rooms,  but  taken  direct  from  the  outside.  One  great 
advantage  of  the  more  expensive  mechanical  system  of 
ventilation  is  the  fact  that  sufficient  air  can  always  l>e 
obtained  from  a  source  which  is  known  and  selected. 

12.  Ventilation  dependent  on  the  extraction  of  foul 
air  is  often  more  convenient  than  that  in  which  pro- 
pulsion IS  mainly  relied  upon  ;  but  the  purity  of  the 
air  is  not  so  easily  provided  for  or  guaranteed. 

13.  If  warmed  air  is  forced  into  a  room,  it  should  only 
be  raisrtl  to  a  temperature  sufficient  tu  prevent  a  feeling 
of  cold  (about  60*  F.).  More  highly  heated  air  is  often 
felt  to  be  ovcrdry  and  unpleasant. 

14.  The  healing  of  the  room  should  be  effected  by 
fires,  stoves,  or  pipes  in  the  room  itself,  and  should  not 
be  made  to  depend  up>on  the  warmth  of  the  incoming  air. 

15.  It  is  difficult  and  expensive  to  apply  methods  of 
ntcchanicil  ventilation  to  old  premises. 
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WARMING  AND  LIGHTING. 


■ 


Warming. 


Individi'al  susceptibilities  to  heat  and  cold  are  various, 
depending  as  they  do  upon  age,  se.x,  robustness  of  con- 
stitution, and  previous  habitude.  It  may,  however,  be 
I)ermissible  to  state  that,  as  a  general  rule,  the  tempera- 
ture of  a  sitting  room  or  workroom  should  be  about 
60°  F,  to  65°  F, 

Radiation. 

In  this  country  houses  are  generally  warmed  by 
radiant  heat  from  opwn  fireplaces.  By  radiation  is 
meant  the  passage  of  heat  from  warm  bodies  to  colder 
ones,  the  rays  of  heat  passing  through  the  air,  but 
■without  warming  it.  This  form  of  heat  is  no  doubt 
the  most  healthy,  for  whilst  objects  within  the  range  of 
the  fire  are  heated,  no  impurities  are  added  to  the  air  of 
the  room.  It  is,  however,  extremely  wasteful,  for  the 
greater  part  of  the  heat  (five-eighths  at  least)  escapes  up 
the  chimney;  of  the  remaining  heat,  about  two-eighths 
warms  the  surfaces  of  walls,  floors,  &c.,  in  the  room, 
and  Oiie-eighth  warms  the  air.  The  column  of  air  in  the 
chimney  flue  is  heated,  and,  becoming  lighter  than  the 
external  air,  escapes  at  the  roof  of  the  house,  to  be 
replaced  by  colder  and  denser  air  from  below. 

The  intensity  of  radiant  heat  is  inversely  as  the 
square  of  the  distance  of  the  heated  object  from  the 
source  of  heat.  Thus,  if  there  are  two  objects,  i  foot 
and  3  feet  distant  respectively  from  an  open  fireplace, 
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the  more  distant  object  only  receives  oncninlh  the 
amount  of  heat  received  by  the  nearer  object.  This  fact 
shows  the  impossibility  of  warming  equally  all  parts  of 
a  room,  when  the  source  of  heat  is  an  open  fireplace. 

Of  late  much  has  been  done  to  improve  open  fire- 
places by  securing  the  greatest  amount  of  heat  produc- 
tion with  the  least  consumption  of  fuel.  Some  of  these 
improvements  have  been  made  at  the  suggestion  of 
Mr.  Pridgin  Teale.  They  may  be  thus  summarized  : — 
The  width  of  the  grate  at  the  back  should  be  alx)ut  one- 
third  the  width  in  front  facing  the  room,  the  sides  of  the 
grate  being  splayed  out  at  the  necessary  angle.  The 
back  and  sides  of  the  grate  should  be  formed  of  fireclay, 
and  the  back,  instead  of  rising  perpendicularly,  should 
be  "rifle-backed,"  i.e.,  curved  forward  so  that  the  flames 
may  play  upon  it  (fig.  33).  The  curved  portion  becomes 
heated  by  some  of  the  upward  rays,  which  would  other- 
wise be  lost  up  the  chimney,  and  radiates  this  heat  into 
the  room,  \ertical  fire  bars  are  said  to  allow  more  heat 
to  radiate  into  the  room  tiian  horizontal  bars. 

The  floor  of  the  grate  should  be  formed  of  a  solid  slab 
of  fireclay;  or  if  the  lower  fire  bars  are  retained,  a  shield 
should  be  placed  on  the  hearth,  rising  as  high  as  the 
bottom  bar  of  the  grate,  so  as  to  form  a  hot  air  chaml>er 
under  the  grate  completely  closed  off  from  the  air  of  the 
room  (fig.  33).  The  object  of  this  arrangement  is  to 
check  the  liottom  draught  under  a  fire,  which  causes 
too  quick  combustion  and  waste  of  fuel. 

The  whole  fireplace  should  be  brought  well  forward 
into  the  rcom,  the  grate  being  placed  low  down  near  the 
floor,  an  J  the  chimney  throat  should  be  narrowed  as 
much  as  possible.  .\  movable  iiinged  canopy,  to  regu- 
iate  the  draught  up  the  chimney,  is  a  desirable  arrange- 
leo?. 

Open  grates  of  this  description  create  much  smoke, 
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as  the  combustion  of  the  fuel  is  by  no  means  complete. 
Attempts  have  been  made  to  construct  a  smokeless 
open  grate ;  and  the  plan  which  has  been  found  on  the 
whole  to  answer  the  best  is  to  "  underfeed  ""  the  fire,  by 
which  is  meant  that  the  supply  of  fresh  fuel  is  intro- 
duced beneath  the  incandescent  coal  which  forms  the 
top    of    the    hre,    and 


h 


through       which       the 

smoke  arising  from  the 

fresh    coal    must    pass,  k         '    ■        ^ 

thus  securing  complete 

combustion. 

In  one  of  the  best  of 
these  smokeless  fire- 
places a  curved  ledge 
projects  from  the  bottom 
of  the  grate.  The  fresh 
fuel  is  placed  on  this 
ledge  and  forced  under 
the  blazing  coal  above 
by  means  of  a  special 
kind  of  shovel.  These 
"  underfed  "  grates  are 
found  to  be  very  efficient 
heaters  (or  the  amount 
of  coal  consumed,  and 
they  con  tinuouslye.\pose 
a  clear  fire  free  from  mi«er. 
smoke,  but  they  require  more  care  in  stoking  and 
management  than  ordinary  grates. 

Wherever  possible,  fireplaces  and  chimney  flues 
should  be  built  in  one  of  the  inner  walls  of  a  house. 
The  waste  heat  of  the  flue  will  then  serve  to  warm  the 
upper  rooms  at  least,  and  the  total  loss  will  be  less  con- 
siderable than  in  the  case  of  fireplaces  built  in  an  outer 
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wall.  It  is  evident  that,  as  open  fireplaces  act  as  venti- 
lators for  extraction  of  air,  to  carry  on  this  function  the 
column  of  air  in  the  flue  must  be  kept  continuously 
healed;  otherwise  the  chimney  will  not  "draw,"  and 
back  currents  of  smoke  enter  the  room.  In  an  ideal 
stove,  the  lieat  escaping  up  the  chimney  should  be  not 
more  than  sufficient  to  maintain  a  good  draught,  the 
rest  being  radiated  into  the  room. 

There  are  several  forms  of  "  slow  combustion  "  grates 
now  upon  the  market,  the  principle  of  which  is  to  reduce 
the  draught  through  the  tire  to  its  smallest  possible 
dimensions.  One  of  these,  the  "Well  Fire,"  consists  of 
a  fireclay  trough  inside  wliich  is  placed  a  cast  iron  grate 
whereon  the  fire  rests.  This  space  constitutes  a  hot  air 
chamber  to  which  a  continuous  current  of  air  at  a  raised 
temperature  is  admitted  by  side  tubes. 

With  a  reduction  in  the  price  of  coal  gas,  op>cD  gas 
fires  have  come  more  largely  into  use.  As  usually  con- 
structed, the  flames  from  a  row  of  Bunsen  burners  play 
upon  asbestos  in  lumps  or  fibre,  which  is  heated  to  a  red 
heat.  Until  gas  is  supplied  at  is.  or  is.  6d.  per  i,ooo 
cubic  feet,  which  could  easily  be  done  if  it  were  freed 
fiom  illuminants,  or  until  a  public  supply  of  water  gai  is 
made  safe  and  available,  gas  tires  must  be  more  expen- 
sive than  coal.  But  they  have  the  advantage  of  being 
very  cleanly— there  is  no  soot  in  the  chimney  flue  .md 
no  dust  or  ashes— very  convenient,  and  of  causing  no 
trouble.  As  regards  the  prevention  of  smoke,  the  more 
extended  use  in  our  l.irge  towns  of  coal  gas  for  heating 
and  cooking  would  undoubtedly  tend  to  free  the  air  from 
much  of  the  soot  and  smoke  that  now  pollute  it.  Fogs, 
which  depend  so  largely  upon  climate  and  site,  would  bo 
just  as  frequent,  though  less  sooty  and  yellow.  They 
would  also  be  less  sulphurous,  for  the  sulphur  com- 
pounds produced  by  gas  combustion  are  less  than  those 
produced  by  coal. 
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It  is  probable  that  water  f^as  would  come  largely  into 
use  for  heating  ani]  illitminatiiiff  purposes — for  f;as  fires 
and  gas  cooking  stoves,  and  for  incandescent  burners — 
were  it  not  dangerous,  from  containing  such  a  large 
percentage  of  carbonic  oxide.  Water  gas  is  produced 
by  blowing  steam  through  incandescent  coke  or  other 
carbonaceous  matter,  raised  to  a  high  temperature  in  a 
"  generator  "  furnace  by  the  aid  of  an  air  blast.  The 
incandescent  coke  gives  ofT  what  is  known  as  "producer 
gas,"  and  this  is  led  away  from  the  generator  before  the 
steam  is  introduced.  The  introduction  of  the  steam  is 
only  continued  for  about  four  minutes,  after  which  time 
it  is  necessary  to  turn  on  the  air  blast  again  to  reheat 
the  coke.  It  will  thus  be  seen  that  the  process  consists 
of  alternately  blowing  the  generator  hot  (for  ten  minutes), 
when  producer  gas  is  formed  and  led  away,  and  of  making 
water  gas  by  introducing  steam  over  the  hot  fuel  (for  four 
minutes).  In  tliis  way  the  water  is  split  up  into  hydrogen 
and  oxygen;  the  hydrogen  remains  free,  and  the  oxygen 
with  most  of  the  carbon  forms  carbon  monoxide,  the 
mixture  being  "water  gas."  The  water  gas,  as  formed, 
is  passed  over  scrubbers  and  purified  over  oxide  of  iron, 
in  much  the  same  way  as  coal  gas,  before  being  stored 
in  gas  holders  ;  it  then  consists  of  hydrogen  gas  (about 
35  per  cent.)  and  of  carbonic  oxide  (25  to  35  per  cent.), 
marsh  gas  20  per  cent.,  and  10  per  cent,  of  ethylene,  &c. 
In  heating  power  water  gas  is  far  superior  to  coal  gas  ; 
and  as  the  only  products  of  combustion  are  HjO  vapour 
and  CO,,  the  injurious  sulphur  products  of  combustion 
of  coal  gas  are  avoided.  Water  gas,  too,  can  be  pro- 
duced very  cheaply,  viz.,  at  about  4d.  per  1,000  cubic 
feet.  The  "producer  gas,"  consisting  largely  of  carbonic 
oxide,  is  used  for  heating  the  boilers  which  generate  the 
steam.  The  large  quantity  of  CO  in  water  gas  causes 
it  to  act  as  a  powerful  poison,  and  yet,  from  being  odour- 
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:cted.  ™ 


less,  escapes,  if  they  occur,  are  not  at  once  detected. 
For  lighting  purposes  the  gas  is  "carburetted  " — that 
is,  enriched  by  hydrocarbons  derived  from  oil.  This 
carburetted  water  gas  smells  much  like  coal  gas ;  its 
candle  power  is  greater,  and  it  is,  on  the  whole,  cheaper M 
to  make.  It  has  been  adopted  for  lighting  purposes  in 
many  towns  in  .America,  and  it  is  often  used,  and  mixed 
with  coal  gas,  in  this  country.  A  recent  Departmental 
Committee  recommended  a  statutory  limit  of  12  per  cent, 
of  CO  in  any  illuminating  gas  ;  for  an  escape  leading  to 
the  presence  of  0-4  per  cent,  of  CO  in  the  general  atmo* 
sphere  may  prove  fatal. 

It  is  perhaps,  needless  to  point  out  that  plumbers 
should  never  be  allowed  to  fix  a  gas  fire,  or,  in  fact,  any 
gas  consuming  appliance  (such  as  a  bath  licatcr  or 
"  geyser  "),  which  burns  more  than  5  feet  of  gas  per 
hour,  without  providing  a  chimney  flue  to  carry  off  the 
products  of  combustion  to  the  outer  air.  h 

Ventilating  grates  may  be  combined  with  open  fire-^| 
places.  The  usual  method  is  to  construct  a  chamber 
lined  with  fireclay  at  the  back  and  sides  of  the  fireplace, 
and  extending  up  behind  the  chimney  flue.  An  opening 
below  admits  fresh  air  from  outside  the  house  into  the 
chamber;  here  it  is  warmed  and  escapes  by  an  opening 
into  the  room  above  the  chimney  piece,  where  it  mixes 
with  the  current  of  air  at  this  spot,  flowing  up  towards 
the  ceiling.  Cialton's  Grate  and  the  Manchester  School 
Grate  act  ufwn  this  principle. 


Conduction  and  ComilctioH. 

iJy  conduction  heat  passes  from  one  molecule  of  .li 
another  in  contxct  with  it,  but,  as  air  is  a  very  bad  ccn 
ductor  of  heat,  the  process  is  very  slow.      The  convey' 
■ncc  of  heat  by  means  of  the  movemcntB  of  roasMS  of 
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heated  air  (convection)  is  the  most  effectual  agent  for 
heating.  Air  when  heated  expands,  and  becomes  Mghter 
bulk  for  bulk  than  an  equal  volume  of  colder  air,  so  it 
rises  upwards,  its  place  being  taken  by  the  colder  denser 
air. 

Houses  may  be  heated  by  means  of  stoves  in  which 
coal,  coke,  gas,  or  oil  is  burnt,  by  hot  water  pipes,  and 
by  steam  pipes.  The  air  coming  in  contact  with  the 
heated  surfaces  is  warmed,  expands,  and  rises,  and  is 
replaced  by  cold  air  to  undergo  a  like  process.  In  this 
way  currents  of  air  circulate  about  a  room,  which  tend 
to  heat  every  part  of  it  equally.  The  most  satisfactory 
way  of  uniformly  lieating  the  living  rooms  of  a  house  is 
by  warming  the  air  of  the  hall  landing  by  means  of  hot 
water  pipes,  a  hot  water  radiator  connected  with  the 
kitchen  boiler,  or  a  ventilating  stove  placed  in  the  hall. 
The  warm  air  which  ascends  can  then  be  admitted  to 
the  rooms  above  the  ground  floor,  by  openin<,'s  over  the 
doors,  which  openings  may  be  fitted  with  valves. 

The  great  distinction  between  stoves  and  open  fire- 
places is  seen  to  be  that,  whilst  in  the  latter  the  heated 
air  escapes  up  the  chimney,  in  the  former  the  air,  heated 
by  contact  with  the  stove,  circulates  through  the  room, 

There  is  an  immense  variety  of  different  kinds  of 
heating  stoves,  but  they  may  all  be  classified  under  close 
stoves  and  ventilating  stoves.  In  the  former  kind  no 
arrangements  exist  for  providing  fresh  warmed  air; 
whilst  in  the  latter  fresh  air  from  outside  the  house  is 
made  to  circulate  through  the  stove,  without  coming 
into  contact  with  the  products  of  combustion,  and  is, 
when  warmed,  alkiwed  to  enter  the  room.  LJond's 
Euthermic  Stove  is  one  of  the  best  forms  of  ventilating 
stove.  In  this  the  fresh  air  from  the  outside  is  conveyed 
to  and  warmed  in  a  central  upright  tube,  which  com- 
municates with  the  room  at  the  top  of  the  stove.     Sur- 
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rounding  lliis  central  tube  is  a  larger  external  one,  open 
below,  where  gas  jets  are  kept  burning,  and  communi- 
cating above  with  a  flue.  Thus,  not  only  is  warmed 
fresh  air  supplied  to  the  room,  but  foul  air  is  also  re- 
moved along  with  the  products  of  combustion  between 
the  inner  and  outer  tubes.  In  all  stoves  economy  of 
fuel  is  aimed  at,  by  providing  doors  and  dampers  to 
shut  oir  the  draught  and  make  the  combustion  as  slow 
as  possible  :  and  the  f]ues  are  often  carried  horizontally 
for  some  distance,  in  order  that  a  part  of  the  waste  heat 
may  be  utilized.  It  is  evident  that  the  slower  the  com- 
bustion and  the  more  complete  the  utilization  of  the 
heat  of  the  burning  fuel  in  warming  the  room,  the  less 
does  a  close  stove  act  as  an  exhaust  ventilator;  and 
economy  of  fuel  and  utilisation  of  heat  are  purchased 
at  the  expense  of  healthiness. 

The  ventilating  stoves  which  introduce  a  supply  of 
fresh  warmed  air  arc  decidedly  more  healthy  ;  but  there 
are  certain  disadvantages  in  the  use  of  staves  of  all 
kinds  which  require  consideration. 

In  the  first  place,  stoves  are  apt  to  render  the  air  of  a 
room  too  dry,  and  therefore  unpleasant  to  the  nose,  eyes, 
and  skin.  There  is  the  same  amount  of  nioisture  in 
A  cubic  foot  of  the  heated  air  as  in  the  cold  air  before  it 
is  warmed  ;  but  the  relative  humidity  of  the  heated  air  is 
greatly  diminished,  as  hot  air  is  capable  of  hokiing  more 
moisture,  before  saturation  is  reached,  than  coM  air ; 
and  it  is  upon  relative  humidity  that  health  and  cumfoit 
depend.  This  defect  may,  to  a  certain  extent,  be  over- 
come by  plat  ing  vess«'ls  of  wator  in  the  room  or  on  the 
stove,  .\nythcr  clis.id vantage  of  stove-warmed  rooms  is 
that  the  air  is  often  at  a  higher  temperature  than  the 
walls  and  floors  of  the  apartmect.  As  a  r.ons(>(|ucnce 
chills  are  ofttn  experienced,  the  ImxIu-s  of  the  o* cup.ints 
radiating  their  heat  to  the  cold  surfaces  around  Ihcm, 
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whilst  the  defensive  forces  of  the  body  against  chill  are 
relaxed  l)y  the  enervating  vvannth  of  the  stove-heated 
air. 

Secondly,  if  the  stove  becomes  overheated,  the  or- 
ganic matters  in  the  air  l)econie  charred  by  contact  with 
the  heated  surface,  and  a  disagreeable  close  smell  is 
perceived. 

Lastly^  the  presence  of  carbonic  oxide- a  most  poi- 
sonous gas — has  been  detected  in  tlie  air  of  stove-heated 
rooms,  more  especially  when  the  stove  is  of  cast  iron, 
Either  this  gas  passes  out  of  the  furnace  through  in- 
visible fissures  in  the  cast  iron  plates  and  joints,  or  it 
traverses  the  walls  of  the  stove  at  a  red  heat.  Others 
suppose  that  the  gas  may  be  formed  by  incomplete 
combustion  of  particles  of  carbon  or  organic  matter 
floating  in  the  air,  when  brought  into  contact  with  the 
hot  metal. 

Cast  iron  stoves  are  very  liable  to  become  overheated, 
as,  being  good  conductors,  they  rapirlly  heat  and  cool. 
In  such  stoves,  therefore,  the  beating  surface  should  be 
increased  by  vertical  llanges  projecting  from  the  top  and 
sides,  by  which  means  the  heat,  being  conveyed  to  a 
larger  surface,  is  less  intense,  because  cooling  is  more 
rapid.  It  is  safer  not  to  use  cast  iron  stoves  at  all, 
unless  lined  inside  with  fireclay,  which,  being  a  good 
non  conductor,  prevents  the  over  rapid  heating  of  the 
iron  walls,  and  the  warming  of  the  room  is  altogether 
more  equable.  There  are  many  stoves  now  made 
entirely  of  fireclay  and  china,  with  arrangements  for 
the  supply  of  warmed  fresh  air  at  an  agreeable  tempera- 
ture of  about  65'  to  70"  F.  They  are  especially  vaiua- 
l>le  for  heating  halls  and  public  buildings. 

No  ill  (.'fleets  appc.ir  to  follow  upon  the  use  of  oil 
stoves  in  living  rooms,  if  the  combustion  of  the  oil  is 
complete  and  there  is  eflicient  air  renewal  in  the  room, 
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despite  the  absence  of  flues  to  convey  away  the  products 
of  combustion. 

I  Steam  pipes  are  largely  used  for  heating  factories  and 
workshops  and  public  buildings  where  steam  power  and 
waste  steam  arc  at  hand. 

I  Two  kinds  of  hot  water  pipes  for  iieatini;  purposes  are 
in  use.  In  the  low  pressure  system,  2  or  3  inch  cast  iron 
pipes  are  connected  with  a  boiler  so  as  to  provide  a  com- 
plete circulation.  The  water  is  heated  in  the  boiler, 
circulates  through  the  pipes,  parting  with  some  of  its 
heat  to  the  air  in  contact  with  them,  and  returns  again 
to  the  boiler,  the  circulation  being  due  to  the  difference 
between  the  specific  gravities  of  the  water  in  the  ascend- 

I  ing  and  return  pipes.  From  the  highest  part  of  tlic 
system,  a  small  escape  pipe,  to  give  vent  to  steam  and 
hot  air,  must  be  carried  into  the  outer  air.     The  water 

[circulating  in  such  a  system  never  ac-juires  a  tempera- 
ture exceeding  200°  F.  or  thereabouts. 

In  the  high  pressure  system  (I'erkins)  the  pipes  arc 
of  welded  iron  with  thick  walls  and  ^-inch  internal 
diameter.  A  coil  of  the  pipe,  of  al>oul  one-sixth  of  the 
total  length,  passes  through  the  furnace,  no  boiler  being 
required.  The  expansion  of  the  water  is  provided  for 
by  a  small  cistern  fitted  with  a  weighted  valve,  or  by  a 
larger  pipe,  capable  of  holding  from  10  to  15  per  cent, 
of  the  water,  hxed  at  the  highest  point  in  the  system. 
The  water,  being  under  pressure,  can  be  heated  to  300" 
or  350'  F. 

It  is  estimated  that  12  feet  of  low  pressure  piping  is 
cquixalent  for  heating  purposes  to  8  or  9  feet  of  the  high 
p(essuie  piping. 

Heal  radiators  heated  by  steam,  hot  water,  or  even 
electricity,  are  al&o  used  for  warniing  purposes.  Electric 
radiators  possess  the  advantages  of  yielding  no  products 
of  combustion,  and  the  heat  is  available  immediately  the 
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current  is  turned  on.  The  system  of  building  hollow 
walls  and  causing  heated  air  to  circulate  in  the  inter- 
vening space  has  much  to  recommend  it. 

Soft  water  is  far  preferable  to  hard  water  for  use  in 
boilers  and  hot  water  pipes.  The  lime  deposit  from 
hard  water  gradually  narrows  the  calibre  of  the  pipes, 
which  in  time  may  become  completely  blocked.  In 
boilers,  the  lime  deposit  forms  a  non-conducting  lining, 
which  obstructs  the  passage  of  heat  to  the  water,  and  is 
a  frequent  cause  of  explosion,  especially  in  kitchen 
boilers.  When  the  fur  lining  is  thick,  the  iron  lioiler 
plates  become  red  hot  from  the  heat  of  the  fire ;  and 
should  a  crack  in  the  ftir  suddenly  form,  the  water, 
coming  in  contact  with  the  red  hot  metal,  is  converted 
into  steam  with  explosive  violence.  Another  cause  0£ 
explosion  in  kitchen  boilers  whicii  are  not  connected 
with  a  hot  water  cistern,  or  are  unprovided  with  a  steam 
escape  pipe,  is  the  blocking  of  the  pipe  which  supplies 
cold  water  to  the  boiler.  This  occasionally  happens 
after  a  hard  frost,  if  the  pipe  is  unprotected. 

Lighting. 

The  illumination  of  a  room  is  a  matter  greatly  affecting 
the  comfort,  if  not  the  health,  of  the  occupants,  and  is  of 
especial  importance  in  the  case  of  factories,  workshops, 
and  schools,  where  the  eyesight  is  concentrated  on  small 
objects  for  many  hours  at  a  time. 


Artificial  Lighting. 

The  most  commonly  employed  method  of  obtaining 
an  artificial  illumination  is  the  combustion  of  inflam- 
mable vapours  producing  a  flame.  Coal  gas,  petroleum 
and  colza  oils,  and  candles,  are  well  known  examples  of 
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this  form  of  illumination.  In  the  electric  light,  on  the 
other  hand,  there  is  no  combustion,  or  only  to  a  trifling 
extent ;  but  light  is  emitted  from  a  substance  raised  to 
a  high  temperature  and  a  state  of  incandescence  by  the 
passage  through  it  of  an  electric  current. 

The  inflammable  gases  and  vapours  are  chiefly  com- 
pounds of  carbon  and  hydrogen,  without  oxygen  in  coal 
gas  and  vapyorizcd  petroleum  oils  (marsh  gas,  olefiant 
gas,  acetylene,  naphthalene,  propylene,  and  benzine), 
and  combined  with  oxygen  in  colza  oil. 

When  these  inflammable  vajKjurs  are  heated  to  a 
suflficient  temperature,  the  hydrogen  combines  with 
oxygen  to  form  water  vapour,  and  an  intensely  hot 
flame  without  luminosity  is  produced ;  the  carbon  par- 
ticles, which  are  lilierated  in  a  stale  of  very  fine  sub- 
division, are  rendered  incandescent  l)y  tlic  heat  of  the 
hydrogen  flame,  and  they  combine  with  oxygen  to  form 
CO,  and  traces  of  CO.  The  luminosity,  which  is 
situated  in  the  outer  portion  of  the  flame,  is  due  to 
the  incandescent  carbon,  whilst  the  inner  portion — the 
hydrogen  flame — is  almost  non-luminous.  The  products 
of  combustion  are  chiefly  water  vapour  and  carbonic 
acid.  The  light  is  very  deficient  in  the  blue  and  violet 
rays  of  the  solar  spectrum,  and  has  therefore  a  yellow 
or  orange  colour.  Hence  the  true  colours  of  objects 
illuminated  by  a  flame  are  not  perceptible. 

Coal  Gai. — The  principal  illuminant  of  coal  gas  is 
heavy  carburettcd  hydrogen  or  olefiant  gas  (C,H,). 
There  arc  also  present  other  hydro-carbons— i.e.,  ben- 
zene, propylene,  naphthalene— which  are  illuminants. 
The  heavy  hydro  carbons,  if  burned  by  themselves, 
would  yield  ,1  smoky  flame,  but  these  are  suitably 
diluted  in  coal  gas  by  hydrogen,  marsh  gas  or  methane, 
and  catboaic  oxide,  which  together  form  some  90  per 
ceat-  of  (he  coal  gas.     When  the  gas  is  burnt,  the 
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hydrogen  or  hydro-carbons  are  almost  destroyed,  and 
the  products  are  approximately:  Nitrogen  67  per  cent,, 
water  16  per  cent.,  carbonic  acid  7  per  cent.,  carbon 
monoxide  6  per  cent.,  and  traces  of  sulphurous  acid  and 
ammonia. 

Coal  gas  illumination  was  a  great  advance  on  the 
candle  illumination  of  a  former  period,  but  it  has  certain 
drawbacks.  There  is  the  danger  of  escape  of  gas  from 
mains  and  pipes  into  the  bouses,  forming,  if  the  escape 
is  large,  explosive  mixtures  with  the  oxygen  of  the  air; 
or  if  small,  creating  a  serious  pollution  of  the  atmosphere. 
Tlie  products  of  combustion,  the  carbonic  acid  and 
sulphurous  acid  from  the  sulphur  compounds  in  coal  gas, 
are  injurious  to  health,  and  destructive  to  books, 
furniture,  and  pictures  indoors,  and  to  building  stones 
and  mortar  out  of  doors.  The  combuslion  also  licats  the 
air  and  dries  it ;  for  although  watery  vapour  is  one  of  the 
products,  the  relative  humidity  at  the  higher  temperature 
is  less.  Finally,  unless  the  supply  of  gas  and  air  is  care- 
fully regulated  during  combustion,  the  gas  is  wasted,  the 
light  is  lessened,  and  unconsumed  particles  of  carbon  are 
given  off  which  deposit  as  soot  on  adjacent  surfaces. 

The  burners  in  common  use  are  :  (i)  The  Jish  tail  or 
union  jet,  which  has  a  flat  steatite  top,  slightly  depressed 
in  the  centre,  through  wiiich  two  small  holes  are  bored 
in  directions  inclining  towards  one  another  from  below 
upwards.  The  two  streams  of  gas  meet  and  produce 
the  fiat  flame  usually  seen.  (2)  The  baluiing  has  a  hemi- 
spherical steatite  top,  tlirougb  which  a  vertical  slit  is  cut 
for  the  gas  to  issue.  Tbe  flame  is  flat  and  semicircular. 
The  flames  from  these  two  burners  require  no  chimneys, 
but  are  usually  enclosed  in  globes  to  soften  the  light. 
(3)  The  Argani  burner  is  a  small  ring  or  cylinder  pierced 
at  the  top  with  fine  holes  for  the  issue  of  the  gas.  The 
flame  is  a  hallow  cylinder,  and  the  air  Ijas  fr^e  acccs§ 
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both  to  its  interior  and  exterior.  The  flame  must  be 
enclosed  in  a  chimney,  in  order  that  the  supply  of  air 
to  it  may  be  regulated. 

The  Argand  burner  has  been  improved  by  Silber, 
Sugg,  and  other  manufacturers.  These  improvements 
are  directed,  first,  to  cause  the  issue  of  the  gas  from  the 
burner  at  the  lowest  possible  velocity,  and,  secondly,  to 
divide  and  regulate  the  air  supply  both  to  the  outside 
and  inside  of  the  flame,  and  to  direct  a  part  of  it  to  the 
higher  portions  of  the  flame,  where  perfect  oxidation  of 
the  carbon  is  most  required.  These  improved  Argands 
give  a  far  better  and  steadier  light  than  the  flat  flame 
burners  for  the  same  consumption  of  gas. 

There  are  several  ventilatiitf^  burners  which  remove  the 
products  of  combustion  of  the  flame  through  a  flue  to 
the  external  air,  and  also  serve  to  remove  the  heated 
and  vitiated  air  from  the  top  of  the  room  or  hall.  The 
iiinliglti  burners  used  in  theatres,  and  the  globe  light  arc 
examples  of  these. 

In  the  regenerative  gas  burner  of  Siemens,  the  air  and 
gas,  previous  to  their  union,  arc  heated  in  a  chamber 
surrounding  the  flue,  by  the  heat  of  the  products  of  com- 
bustion. The  flanr.e,  which  is  in  the  form  of  a  hollow 
cylinder,  like  the  Argand  fl.ime,  burns  around  a  short 
tube  of  porcelain.     This  tube  is  the  commencement  of 

e  flue,  and  the  flame,  owing  to  the  draught,  turns  over 

;he  top  of  it,  and  the  products  of  combustion  pass  up  the 

ue  tlirough  the  centre  of  the  regenerative  chamber,  and 

finally  into  the  external  air.   This  form  of  burner  is  very 

Bcful  where  a  powerful  light  is  required,  as  in  streets, 

uares,  halls,  and  public  buildings.  The  smaller  sizes 
do  not  give  equally  good  results. 

The  W'clsbach  incandescent  pas  burner  is  a  recent  inven- 
tion, which  promises  to  have  a  very  extended  use.  It 
consists  of  a  Bunsen  burner,  with  a  cap  (mantle)  of 
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asbestos  gauze  material  rendered  non-inflammable  by 
chemical  treatment  with  sulphate  of  zirconium,  sus- 
p>ended  in  the  non-luminous  flame ;  the  flame,  although 
non-luminous,  is  intensely  hot,  and  the  gauze  mantle 
becomes  incandescent  and  gives  a  brilliant  light,  far 
whiter  and  steadier  than  the  ordinary  gas  flame.  The 
flame  should  be  enclosed  in  a  chimney.  The  illuminant 
power  is  very  high  for  the  gas  consumed,  and  the  heat 
given  off  is  far  less  than  with  an  ordinary  gas  flame 
burning  the  same  amount  of  gas.  If  such  burners  came 
into  general  use,  a  cheap  form  of  gas  containing  no 
illuminants  could  be  supplied  ;  for  heat  and  not  light  is 
required  in  the  flame.  The  cheap  gas  would  also  lead  to 
a  more  general  adoption  of  gas  heating  and  gas  cooking, 
and  to  the  partial  solution  of  the  smoke  question. 

In  the  albo-carbon  light,  the  vapour  of  naphthalene  is 
burnt  in  the  coal  gas,  and  a  brilliant  white  light  is  pro- 
duced. The  naphthalene  which  is  solid  at  ordinary  tem- 
peratures, is  placed  in  a  reservoir  connected  with  the 
gas  burner,  and  this  reservoir  must  be  heated  by  a  small 
gas  jet  or  by  strips  of  metal  extending  from  the  flame. 
The  vapour  of  naphthalene  must  not  be  allowed  to 
escape  into  the  air,  as  its  odour  is  most  offensive. 

One  cause  of  waste  and  imperfect  combustion  with 
flat  flame  burners — which  are  more  largely  used  still 
than  any  of  the  improved  forms — is  the  constant  altera- 
tions in  pressure  in  the  gas  pipes  and  mains.  At  one 
period  of  the  day  the  pressure  may  be  less  than  one  inch 
of  water,  whilst  at  another  it  may  be  3  inches  or  more. 
Consequently  the  flat  flame,  which  is  steadily  burning 
under  the  low  pressure,  at  the  high  pressure  is  flaring 
and  singing ;  more  gas  is  issuing  from  the  burner  than 
can  be  perfectly  burnt,  and  iinconsumed  carbon  is  given 
off  from  the  flame  to  pollute  the  air  and  blacken  every- 
thing around. 


\H 


HYGIENE    AND    PUBLIC    HEALTH. 


To  control  these  variations  in  pressure,  gas  governors 
r  regulators  are  employed.  In  the  larger  form,  the 
governor  is  fixed  close"  to  the  meter,  and  controls  the 
pressure  tliroughout  the  house  pipes ;  whilst  a  small 
form  is  made  as  pait  of  each  individual  burner.  The 
best  kinds  of  governor  act  automatically  ;  by  the  action 
of  valves  an  increased  pressure  narrows  the  lumen  of 

llhe  channel  through  which  gas  passes,  and  a  diminished 
pressure  widens  it.  Single  burner  governors  are  also 
found  to  answer  fairly  well.  AcetyUnt  gas  (C,H,),  gener- 
ated by  the  action  of  carbide  of  calcium  on  water 
(CaC,+  H,0  =  CaO-fC,H,),  furnishes  a  powerful  white 
light;  but  its  use,  when  generated  and  stored  in  the 
house  for  consumption  in  hand  lamps,  is  attended  with 
danger,  unless  great  care  is  exercised. 

PelroUiim  Oils.— My  the  distillation  of  crude  petroleum 

|oil  obtained  from  wells  and  borings,  an  oil  suitable 
for  burning  in  lamps — commonly  called  crystal  oil  or 
kerosene — is  obtained.      In   the  distillation,  a   volatile 

{spirit,  benzolinc,  and  the  heavy  oils,  some  of  which  are 

Isolid  from  containing  paraffin,  are  also  obtained,  and 
ire  separated  from  the  lamp  oil. 

Lamp  oil  contains  the  hydro-carbons  previously 
acDtioncd.  and  gives  off  an  inflammable  vapour  which 
It  a  certain  temperature  takes  fire.  This  temperature 
varies  for  different  specimens  of  oil,  and  is  called  the 
^•flashing  point." 

A  Select  Committee  recently  appointed  by  Parliament 
Ittributcd  the  chief  danger  of  explosion  to  cheap  lamps 
>f  defective  design,  and  they  recommended  that  the 
lash  point  (Alx^l  close  test)  should  be  raised  from  73'  F. 
(the  limit  defined  by  the  Petroleum  .\ct,  1879)  to  toy"  F.; 

^that  statutory  powers  should  be  created  to  enable  the 
iccrclaiy  of  State  to  issue  orders  affecting  the  manu- 
icliue  and  sale  of  lamps  ;   and  that  information  should 
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be  spread  among  the  public  as  to  tlie  nature  of  petro- 
leum and  the  management  of  lamps.  In  tlie  suggestions 
issued  by  the  London  County  Council,  it  is  pointed  out 
that  the  flashing  point  of  ordinary  petroleum  oil  is  a 
little  above  73°  F.,  that  the  oil  in  the  reservoirs  of  lamps 
is  rarely  heated  above  100"  F.,  and  that  the  best  safe- 
guard against  accident  is  therefore  nevtr  to  burn  oil 
which  has  a  flashing  point  of  less  than  100'  F..  whicli 
oil  should  b2  sold  as  cheaply  as  low  flash  oil.  Lamps, 
too,  should  he  strongly  made,  and  kept  thoroughly 
clean ;  especially  should  the  reservoir  and  burner  be 
strong;  the  latter  should  screw  into  the  collar,  and  its 
base  should  bs  broad  and  heavy.  The  wick  should  be 
soft,  and  should  reach  to  tlie  bottom  of  the  reservoir, 
and  just  fill  the  wick  tube  ;  it  should  be  frequently  re- 
newed, and  before  being  put  into  a  lamp  it  should  be 
dried  at  a  fire,  and  immediately  soaked  with  oil.  The 
reservoir  should  he  filled  with  oil  before  the  lamp  is  lit, 
and  the  burner  made  clean  before  lighting  ;  the  wick 
when  lit  should  be  partially  turned  down,  and  then 
gradually  raised ;  the  wick  should  not,  fiowevcr,  be 
left  turned  down;  lamps  that  have  no  extinguishing 
apparatus  should  be  put  O'jt  by  turning  down  the  wick 
until  there  is  only  a  small  flickering  flame,  and  a  flat 
piece  of  metal  should  then  be  placed  on  the  top  of  the 
chimney,  so  as  to  close  it  entirely ;  finally,  cans  or 
bottles  used  for  oil  should  be  free  from  water  and  dirt, 
and  kept  closed. 

Owing  to  improvements  in  lamps,  and  to  the  prohibi- 
tion of  the  sale  of  highly  inflammable  oils,  the  danger  of 
explosion  is  now  slight.  As  regards  lamps,  explosion 
may  occur  when,  from  any  cause,  the  vapour  over  the 
oil  in  the  reservoir  comes  in  contact  with  the  flame  o£ 
the  lamp,  as  through  defects  in  the  lamp  or  by  blovvingl 
down  the  chimney  through  an  ill-fitting  wick,  &c.     But 
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the  best  duplex  lamps  (the  Defries  and  other  safety 
lamps)  are  now  sold  with  extinguishers,  and  with  an 
ingenious  arrangement  by  which,  if  the  lamp  is  over- 
turned, the  flame  is  immediately  extinguished. 

Lamp  accidents  often  appear  to  arise  from  the  use  of 
cheap  lamps  of  defective  design,  leading  to  a  leakage  of 
oil  through  imperfect  connections  and  fittings.  The  oil 
may  thus  become  ignited.  Sometimes  the  lamp  is  upset 
from  its  instability,  or  broken  owing  to  the  fragile  cha- 
racter of  the  reservoirs. 

The  Kilson  light  which  has  recently  been  introduced 
promises  to  be  a  great  success  for  the  purpose  of  public 
street  lighting.  This  light  is  obtained  by  the  automatic 
vaporisation  of  petroleum  oil,  the  mixUire  of  air  with 
this  oil  by  injection,  and  the  impingement  of  the  flame 
upon  a  specially  made  mantle.  The  diflTusive  fwwer  of 
this  light  exceeds  both  the  electric  arc  light  and  the 
incandescent  gaslight,  it  is  cheaper  than  cither,  and  the 
roads  have  not  to  be  taken  up — as  wiien  electric  light 
or  gaslight  arc  employed. 

Colza  oil  does  not  give  off  any  inflammable  vapour, 
but  it  is  much  dearer  than  kerosene,  and  the  illuminat- 
ing power  is  less.  Colza  oil  lamps  require  more  care  in 
trimming  than  kerosene  lamps. 

The  relative  cost  of  candles,  kerosene,  colza,  and  coal 
gas,  to  produce  the  same  illuminating  effect,  is   seen 

ifrom  the  following  figures: — To  give  a  uniform  light  of 
twenty  standard  sperm  candles  for  kki  hours,  the  candles 
Would  cost  £^  y.  gd. ;  colza  oil  burned  in  moderator 
lamps  with  Silbcr  burners  would  cost  5J.  orf. :  petroleum 
oil  burned  m  Silbcr  burners  would  cost  2s.;  and  coal  gas 
burned  in  an  improved  Argand  would  cost  is.  9i</.,  with 
gas  at  3*.  4i/.  per  1,000  cubic  feet. 
Kerosene,  like  coal  gas,  gives  off  sulphurous  acid  when 
burned,  but  colza  oil  does  not.    Candles,  especially  the 
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cheaper  kinds,  give  off  much  unconsumed  carbon,  by 
reason  of  their  low  melting  point  admitting  of  volatile 
products  being  given  off  before  the  fats  reacli  the  flame 
and  are  properly  consumed. 

Electric  Light. — The  electric  light  presents  the  follow- 
ing advantages  over  coal  gas,  oil,  and  caudles.  There 
is  no  consumption  of  oxygen,  there  are  no  products  of 
combustion  to  pollute  the  air,  and  the  heat  produced  is 
relatively  slight.  The  light  of  the  arc  light  is  not  yellow, 
but  white.  It  precisely  resembles  solar  light  in  being 
rich  in  the  violet  and  the  ultra-violet  rays.  Plants  grow 
and  flower,  and  fruit  ripens,  when  exposed  to  this  light, 
just  as  they  do  in  the  sunlight,  whilst  photographs  can  be 
taken  as  easily  by  the  arc  electric  light  as  by  daylight. 

The  electric  current  can  be  produced  by  batteries, 
accumulators,  and  dyaatiio  machines,  and  is  conveyed  in 
copper  wires  to  the  spots  where  illumination  is  required. 
In  the  arc  light,  which  is  suitable  for  lighting  streets, 
squares,  and  large  halls  and  buildings,  the  illumination 
is  produced  by  the  passage  of  the  current  through  two 
carbon  rods  brought  into  close  apposition.  The  resist- 
ance offered  to  the  passage  of  the  current  across  the 
space  intervening  between  the  points  of  the  carbon  rods 
creates  sufficient  heat  to  cause  the  carbon  points  to 
become  brilliantly  incandescent.  The  light  is  extremely 
dazzling,  and  is  productive  of  injurious  effects  on  the 
eyes  of  those  who  are  much  exposed  to  its  influence. 

The  incandescent  lamps  are  best  suited  for  domestic 
use.  In  these  the  current  is  passed  through  a  loop  of 
filamentous  carbon  enclosed  in  a  small  glass  globe  ex- 
hausted of  air,  or  filled  with  some  gas,  such  as  nitrogen, 
which  does  not  support  combustion.  The  resistance 
offered  by  the  carbon  to  the  passage  of  the  current 
raises  it  to  a  white  heat. 

The  extent  to  which  different  modes  of  lighting  affect 
the  atmosphere  may  be  thus  represented  :— 
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The  Welsbach  incandescent  gas  burner  is  hygienically 
by  far  liie  best  form  of  lighting  by  coal  gas. 


School  Hygiene. 


H  In  planning  a  school  building  the  scliool  rooms  must 
f  be  ihe  prime  consideration  ;  the  building  should  be  a 
number  of  school  rooms  properly  disposed,  and  not  a 
whole  cut  up  into  school  rooms,  whose  size  and 
arrangement  arc  dependent  upon  the  si/.e  and  shape  of 
tlie  building  (li.  K.  Shaw).  The  school  building  should 
lie  built  of  brick  or  stone,  with  interior  walls  of  brick. 
If  possible  the  rule  should  be  observed  that  lines  drawn 
from  the  bottom  of  the  walls  of  the  building  to  the  tops 

»of  (he  nearest  buildings  should  not  make  a  greater  angle 
Ihan    30'  with   the   horizon.     It  is   desirable   that  the 
building  should   not  exceed  two  stories  in  height,  and 
the  main  corridors  or  halls  sliouM  l>c  .it  lo.ist  lu  fed  in 
width  and  well  lighted. 
^L     The  iK-st  shape  for    a  scIiocjI  tootii  is  an  uttlimg,  with 
^■hc  windows  in  one  of  the  longer  sirirs  only.     .\  suitable 
^pizc  is  30  feet  long,  25  feet  broad,  and  13  feet  high;  such 
^b  room   would  seat  4H   pupils.      There   shouKI    l>e   no 
^Mrindows  on  the  opposite  side,  for  cross  lights  are  Itcttcr 
^ptvoided,  although  some  autlioriiies  think  a  cross  light  is 
Hot  injurious  if  it  does  not  overpower  the  light  admitted 
from  the  left.     The  att^  of  the  windows,  clear  of  sasli 
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frames,  should  be  from  one-fourth  to  one  sixth  of  the 
floor  space  of  the  room.  The  windows  should  reach  as 
high  as  the  ceiling  of  the  room,  and  open  directly  into 
the  external  air,  and  the  intervals  between  them  should 
be  as  small  as  possilile.  The  minimum  light  for  each 
desk  should  be  50  candle  metres  {i.e.,  the  light  furnished 
by  50  standard  candles  at  one  metre  distance).  Double 
windows  economize  heat,  keep  out  noise,  and  may  be 
made  to  help  ventilation. 

The  school  desks  should  be  arranged  parallel  with 
one  another,  but  at  right  angles  with  the  windows,  and 
wherever  possible  the  desks  should  be  placed  in  the 
space  intermediate  between  two  windows.  To  avoid 
shadows  when  writing,  the  scholars  should  sit  with  the 
left  hand  nearest  the  windows,  so  that  the  illumination 
of  books  and  lessons  may  be  from  the  left  front.  There 
is  then  plenty  of  light  on  the  objects  on  tlie  desk,  but 
the  rays  are  not  reflected  directly  into  the  eyes  of  the 
scholars,  as  they  are  in  front  illumination  with  desks 
facing  the  windows.  The  height  of  the  sills  from  the 
floor  should  never  be  less  than  4  feet, 

The  defective  lighting  in  schoolrooms  is  one  of  the 
chief  causes  of  short  sight.  The  child,  not  being  able 
to  read  its  book  when  placed  at  the  proper  distance 
(15  inches)  from  its  face,  stoops  over  the  desk  to  lessen 
the  distance;  the  eyes  converge  when  brought  too  near 
the  object,  and  the  muscular  strain  thus  induced  causes 
a  gradual  elongation  of  the  anteroposterior  axis  of  the 
eyeball,  with  the  production  of  myopia  ;  i.e.,  the  image 
of  the  object  seen  forms  in  front  of  the  retina,  and  is 
blurred  and  indistinct  unless  the  object  itself  is  very 
close  to  the  eyes.  Imperfect  lighting  leads  to  the  use  of 
artificial  light,  with  its  attendant  vitiation  of  the  atmo- 
sphere. Daylight  reflectors  sometimes  suffice  to  remedy 
the  evil. 


320 


HYGIENE    AND    PUBLIC    HEALTH. 


As  subsidiary  factors  in  the  prevention  of  visual  de- 
fects in  cliildren,  the  following  are  important: — The  tyj>ei 
of  school   books  should  be  large,  thick  faced,  and  well 
defined.     The  letters  should  be  well  spaced,  with  suffi- 
cient space  between  the  words,  and  good  margins  to  the 
pages.     The  ink  should  be  black,  and  the  paper  white 
or  tinted  yellow.     No  type  must  be  used  which  necessi-  _ 
tates  the  holding  of  the  book  at  a  less  distance  thanfl 
14  inches.     For  the  school  books  of  very  young  children 
pica  type  should  be  used,  and  for  those  of  older  children 
small  pica — not  bourgeois  or  minion.     The  desk  should  j 
be  from  13  to  18  inches  broad,  should  slope  at  an  angle] 
of  from   15°  to  20°  for  writing,  and  40'  for  reading  ;   the  I 
height  of  the  seat  from  the  ground  should  equal  thel 
length  of  the  scholar's  legs  from  the  sole  of  the  foot  tol 
the  knee ;    the  depth  of  the  seat   from    front   to   back] 
should  not  be  less  than  8  inches ;    the  distance  of  the 
front  of  the  seat  from  a  perpendicular  line  let  fall   from] 
the  edge  of  the  desk  should  be  not  more  than  i  inch,  or] 
may  be  o ;  and  the  perpendicular  distance  of  the  seat 
from  the  edge  of  the  desk  should  be  one-sixth  the  height 
of  the  scholar  (Newsholme).     To  meet  these  require- 
ments there  should  be  three  sizes  of  desks  in  each  largefl 
class  room,  and  there  should  1)C  a  provision  of  adjust-" 
able  scats.    The  seat  should  be  provided  with  a  straight 
back  and  curved  pad  or  cushion  3  inches  broad  to  likfl 
into  and  support  the  small  of  the  back  and  loins.     The' 
space  for  each  pupil  on  a  common  scat  should  be  from 
20  to  24  inches,  and  there  should  be  10  inches  between 
the  rows  of  scats.     In  this  way  the   most  comfottable 
positions  may  be  obtained  for  reading  and  writing,  and 
the  drooping  of  the  head  from  weariness,  which  brings 
the  eyes  too  close  to  the  book,  is  avoided,     iiad  desk^ 
and  seats  also  lead  to  compression  of  the  thorax,  inter 
Cering  with  free  expan&ion  of  the  lungs ;   an  J  the  r( 
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laxation  of  muscles  leads  to  round  shoulders,  spinal 
curvature,  and  fatigue.  In  writing  the  pupil  should  be 
taught  to  sit  square  and  face  the  desk,  the  shoulders 
and  elbows  being  kept  at  a  level,  and  only  one  hand  and 
a  part  of  the  forearm  resting  on  the  desk.  For  young 
children  the  lesson  hours  should  be  broken  by  frequent 
short  intervals  for  play,  and  the  proper  ventilation, 
warming,  and  artificial  lighting  of  the  room  require 
careful  attention.  The  temperature  of  a  class  room 
should  be  about  60°  F. ;  excessive  heat  relaxes  the 
system,  causing  languor  and  unfitness  for  work. 

Some  system  of  artificial  ventilation  with  a  supply  of 
warmed  fresh  »ir  is  especially  necessary  for  school- 
rooms, where  the  amount  of  cubic  space  per  head  is 
often  very  limited.  The  English  Education  Department 
requirements  are  only  100  cubic  feet  of  space  per  scholar, 
and  10  square  feet  of  floor  space.  These  are  the  mini- 
mum requirements;  but  even  with  double  these  amounts, 
ventilation  by  natural  means  in  cold  weather  would  be 
productive  of  draught  and  great  lowering  of  temperature 
in  the  room.  Dr.  Newsholme  is  of  opinion  that  good 
average  requirements  for  schools  are,  for  each  scholar, 
150  cubic  feet  of  space,  15  square  feet  of  floor  space,  and 
1,500  to  1,800  cubic  feet  of  fresh  air  per  hour. 

The  walls  of  a  schoolroom  should  preferably  be 
painted  or  tiled,  so  that  they  can  be  washed,  and  any 
colouring  should  be  pale  and  subdued  (a  soft  greenish- 
grey  is  recommended);  all  projections  (cornices,  &c.) 
which  can  harbour  dust  should  be  avoided  so  far  as 
possible. 

The  best  floors  are  made  of  hard  wood  in  narrow 
planks,  with  dovetailed  or  matched  joints ;  these  may 
be  beeswaxed  and  polished  at  intervals,  and  should 
always  be  swept  daily. 

All  staircases  should  be  at   least   5  feet  wide  'and 
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fireproof,  and  faced  at  the  ground  floor  by  a  wide  door, 
opening  outwards  towards  the  street.  The  cloakrooms 
must  be  capacious,  well  heated  and  thoroughly  venti- 
lated, and  the  pegs  for  hanging  clothes  should  be  at 
sufficient  intervals  to  allow  of  the  clothes  hanging  with- 
out touching  each  other.  It  is  desirable  to  have  a 
separate  cloakroom  for  each  class  room. 

Covered  sheds  should  be  provided  for  recreation  when 
it  rains  ;  and  if  space  is  unprocurable  on  the  adjoining 
ground,  a  basement  or  a  flat  roof  may  be  designed  to 
meet  the  purposes  of  a  covered  playground.  It  is  essen- 
tial that  the  scholars  should  receive  plenty  of  physical 
drill  and  exercise  in  the  open  air.  The  school  hours 
should  not  be  unduly  prolonged,  and  in  all  intervals  of 
work  the  rooms  should  be  thoroughly  flushed  with  air. 
Under  a  proper  system  of  medical  inspection,  com- 
mencing physical  defects  can  be  promptly  detected  and 
remedied  by  appropriate  exercises.  The  holidays  should 
be  devoted  to  healthy  recreation  and  physical  develop- 
inent,  and  theatres,  concerts,  &c.,  avoided.  No  home 
work  should  be  required  before  the  seventh  school  year. 

Urinal  accommodation  to  the  extent  of  at  least  five 
places  for  every  loo  children  should  be  provided,  and  at 

•  least  one  water-closet  seat  for  every  fifteen  girls  or 
twenty-five  boys.  One  of  the  modern  types  of  trough 
water-closet  or  latrine  {vide  page  ii6)  is  a  very  suitable 
form  for  schools,  but  the  flushing  provision  must  be 
adequate  and  systematically  regulated. 

I  All  dormitories  must  be  well  lighted  and  ventilated, 
«nd  at  least  400  to  500  cubic  feet  of  space  should  be 
allowed  for  each  scholar. 
The  drinking  cups  used  in  common  by  most  scholars 
may  be  a  means  of  communicating  disease,  such  as 
diphtheria.  Numcrouscupsshould.thereforc,  be  supplied 
in  tiic  place  of  the  one  or  two  only  which  are  so  gencr- 
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ally  provided.  Arrangements  should  also  be  made  so 
that  the  cups,  after  use,  are  continually  subjected  to 
flowing  water ;  and  the  cups  should  be  well  cleansed 
with  wet  sand  at  least  twice  a  week. 

The  class  rooms  and  corridors  should  be  daily  swept 
with  a  damp  broom  after  the  floors  have  been  sprinkled 
with  wet  sawdust  or  tea  leaves ;  and  the  floors,  seats, 
and  desks  should  be  washed  with  soap  and  water  once 
a  fortnight. 

The  communicable  diseases  which  especially  afiiect 
school  children  are  dealt  with  in  the  chapter  on  com- 
municable diseases,  where  the  necessary  preventive 
measures  are  also  discussed.  In  addition  to  those 
diseases  the  notification  of  which  is  compulsory  in  this 
country,  the  following  should  be  notified  to  the  medical 
ofiicers  of  the  school  :  —  Measles,  whooping  cough, 
German  measles,  chicken-pox,  mumps,  impetigo  con- 
tagiosa, ringworm,  scabies,  sore-throat,  and  ophthalmia. 
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CHAPTER   V. 


SOILS  AND  BUILDING    SITES. 


The  health  of  a  locality  is  intimately  connected  with  the 
nature  of  the  soil  on  which  the  houses  are  built.  It  is 
generally  believed  that  the  most  porous  soils — the  gravels 
and  sands — are  the  healthiest,  because  they  are  the  driest, 
[  and  this  view  is  in  the  main  correct ;  but  owing  to  their 
porosity  they  are  readily  polluted  by  leaky  drains  and 
cesspools.  It  will  be  advisable,  however,  to  consider  in 
some  detail  the  conditions  which  affect  the  healthiness 
of  the  different  soils,  and  subsequently  to  describe  the 
precautions  that  must  be  taken  when  houses  are  being 
built,  to  obviate  such  conditions  as  are  hkely  to  be 
injurious. 

The  porous  or  permeable  soils — the  loose  sands  and 
gravels  and  the  sandstones— are  capable  of  holding  con- 
siderable volumes  of  air  or  water.  Fiven  the  impermeable 
rocks — the  granites  and  metamorphic  rocks,  the  dense 
clays  and  hard  limestones  and  dolomite — are  not  wholly 
unabsorbent,  but  comparatively  speaking  they  may  be 
looked  upon  as  impermeable.  Between  these  and  the 
porous  sands  and  gravels  are  nil  stages  of  gradation. 
The  surface  soils  which  usually  lie  upon  the  denser  kinds 
of  rocks,  of  which  they  are  to  a  considerable  extent  the 
weathered  fragments,  are  always  more  or  less  porous. 
The  interstices  or  interspaces  between  the  particles  of  the 
porous  soils  »tc  necessarily  occupied  by  air  (ground  air), 
or  at  a  varying  depth  by  water  (ground  water).  When 
there  is  air  as  well  as  water  between  the  interstices,  the 
water  is  nothing  more  than  "ground  moisture,"  but  when 
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the  interstices  are  completely  filled  with  water,  then  the 
level  of  the  ground  water  has  been  reached.  The  ground 
water  is  derived  from  the  rain  which  percolates  until  it 
reaches  a  stratum  of  rock  sufficiently  dense  to  prevent 
it  penetrating  any  further.  Above  the  level  of  this  sub- 
terranean water  the  interstices  of  the  soil  are  mainly  filled 
with  air. 

The  depth  at  which  water  will  be  reached  in  any  soil 
depends  on  a  variety  of  circumstances — the  elevation 
above  the  surrounding  country,  the  depth  of  the  imper- 
meable stratum  from  the  surface,  and  the  ease  with 
which  the  underground  water  moves  towards  its  natural 
outlet  in  spring,  river,  or  sea.  In  the  low  lying  plains 
and  valleys,  the  underground  water  is  not,  as  a  rule,  far 
from  the  surface  of  the  earth.  Its  level  is  not  constant, 
as  we  have  seen  in  the  chapter  on  Water  (p.  25).  but  is 
always  changing.  After  heavy  rainfall  the  level  may 
rise  ;  and  there  is  usually  a  periodic  rise,  commencing  in 
the  late  autumn,  and  a  corresponding  fall  in  the  spring, 
due,  as  explained  before,  to  the  increased  percolation  of 
the  rainfall  in  the  colder  months  of  the  year,  and  its 
cessation  in  the  warmer.  The  lateral  movement  of  the 
ground  water  is  generally  towards  the  nearest  water 
courses,  the  sea,  wells,  fissures  in  rocks,  shafts  of  coal 
mines,  &c. 

The  movements  of  the  ground  water  cause  correspond- 
ing movements  in  the  ground  air  which  lies  above  it. 
As  the  ground  water  rises,  it  occupies  the  space  formerly 
occupied  by  the  ground  air,  and  the  latter  is  slowly 
expelled  from  the  surface  of  the  earth :  as  the  ground 
water  sinks,  air  is  sucked  in  to  occupy  its  place,  to  be 
again  expelled  when  the  water  rises.  There  are  other 
factors  influencing  the  movements  of  the  ground  air 
which  have  no  effect  on  those  of  the  ground  water. 
The  principal  of  these  are,  alterations  in  barometrical 
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pressure,  sudden  variations  in  temperature,  and  the 
action  of  the  wind  forcing  air  into  tiie  strata  which  are 
opposed  to  its  path.  It  is  thus  seen  that  the  surface 
layers  of  the  earth  act  as  a  sort  of  lung,  slowly  taking 
air  in  and  slowly  expelling  it  again. 

I  This  action  is  no  doubt  greatly  increased  in  the  small 
surface  of  ground  covered  by  a  house.  In  winter,  when 
the  surface  of  the  ground  may  become  ice  locked,  the 
heat  of  the  building  and  the  aspirating  action  of  fires 
must  tend  to  draw  air  in  large  volumes  through  the 
surface  of  the  soil,  unless  the  site  is  covered  with  an 
impenetrable  layer  of  asphalt  or  cement  concrete.  The 
ground  air  is  generally  moist  and  always  impure.  The 
amount  of  moisture  depends  on  the  proximity  of  the 
ground  water  to  the  surface  of  the  soil ;  if  this  is  but 
a  few  feet  from  the  surface,  the  ground  air  is  saturated 
with  moisture;  but  if  at  great  depths  the  moisture  is  not 
excessive.  The  ground  near  the  surface  of  the  earth  in 
most  parte  of  the  world  is  damp,  even  after  the  most 
prolonged  drought,  owing  to  capillary  attraction  and 
evaporation  from  the  surface  of  the  ground  water,  and  to 
the  alternate  risings  and  fallings  in  its  level. 

The  impurity  of  the  ground  air  is  due  to  the  decom- 
position of  the  various  organic  matters  which  arc  washed 
into  the  soil  by  the  rain,  or  which  are  naturally  present 
in  some  soils  (alluvial  and  marshy).  These  latter  are 
usually  of  vegetable  origin.  The  impurity  of  the  ground 
air  in  virgin  or  natural  soils  is  shown  by  the  great 
diminution  in  oxygen  and  the  enormous  increase  in 
carlwnic  acid  which  characterised  the  s.implcs  that  have 
l)ecn  cxiunincd.  In  the  neighbourhood  uf  houses,  how- 
ever, the  foulness  of  the  ground  air  is  due  to  animal 
contaminations  chicHy,  and  these  often  uf  the  most 
dangerous  description.  Leaking  cesspools,  sewers,  and 
drains  allow  animal  filth,  and  possibly  infected  cxcre- 
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tions,  to  pollute  the  water  and  air  in  the  soil ;  graveyards 
and  cemeteries  permit  the  exhalations  from  decomposing 
animal  bodies  to  exercise  a  sinnilar  pollution ;  whilst  the 
organic  effluvia  arising  from  made  soils — soils  formed  of 
house  refuse  and  dry  rubbish — too  often  seriously  imperil 
the  health  of  the  inmates  of  the  houses  built  over  them. 

The  organic  matters,  whether  of  vegetable  or  animal 
origin,  are  decomposed  in  the  soils  chietly  by  bacterial 
organisms.  These  organisms  grow  in  the  presence  of 
such  food  material,  breaking  it  up  into  simpler  combina- 
tions— carbonic  acid,  ammonia,  and  water — and  thus  by 
the  processes  of  fermentation  and  putrefaction  exert  a 
purifying  action,  and  at  the  same  time  convert  the 
complex  organic  bodies  into  products  best  fitted  to  be 
assimilated  by  the  growing  vegetation  on  the  surface  of 
the  soil.  The  presence  of  oxygen,  warmth,  and  moisture 
are  essential  to  the  proper  carrying  out  of  these  fermen- 
tative  processes.  Oxygen  is  present  in  the  ground  air, 
moisture  is  derived  from  the  ground  water,  and  the 
temperature  of  the  soil  is  usually  suitable,  except  during 
long  frosts  or  in  very  cold  climates,  The  nitrifying 
action  of  the  bacterial  organisms  is  an  especially  impor- 
tant one,  and  has  been  more  fully  alluded  to  in  a  previous 
chapter. 

It  is  thus  seen  that  surface  soil  acts  as  a  vast  natural 
aboratory  for  the  purification  and  utilization  of  effete 
animal  and  vegetable  matters.  Even  in  the  purest 
virgin  soils  the  ground  is  impure,  and  in  the  polluted 
soils  of  towns  and  villages  it  is  likely  to  be  contam- 
inated with  noxious  effluvia  from  decomposing  animal 
filth.  Hence  the  importance  of  preventing  the  entrance 
of  ground  air  into  houses,  which  may  be  accomplished 
by  covering  the  entire  site  over  which  they  are  built  by 
a  layer  of  cement  concrete,  asphalt,  or  other  imper- 
meable substance. 
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The  draining  of  damp  soils,  so  as  to  permanently 
lower  the  level  of  the  subsoil  water,  is  also  a  measure 
much  needed  in  the  interests  of  health,  but  of  which  the 
utility  is  not  so  immediately  apparent  as  in  the  case  of 
the  exclusion  of  ground  air.  In  the  first  place,  it  is 
desirable  to  avoid  great  fluctuations  in  the  level  of  the 
ground  water ;  and  this  can,  to  a  certain  extent,  be 
accomplished  by  subsoil  drainage,  which  at  once  carries 
off  the  water  when  it  rises  to  the  level  at  which  the 
drains  are  laid.  When  the  subsoil  water  rises,  it  forces 
the  ground  air  before  it  and  out  of  the  soil ;  not  only 
this,  but  it  causes,  when  it  arrives  withm  a  few  feet  of 
the  surface,  a  dampness  of  the  atmospheric  air  by 
evaporation,  and  consequently  a  cooling  of  the  air. 
The  moisture  ascends  by  capillary  attraction  into  llie 
walls  of  houses,  to  be  subse(quent!y  evaporated  from  the 
surfaces  of  the  internal  walls ;  in  this  evaporation  heat 
is  absorbed  from  surrounding  objects,  and  the  air  of  a 
liouse  with  damp  walls  is  not  only  moist,  but  cold. 

This  condition  of  dampness  and  moisture  in  the  site 
and  air  of  a  house  is  one  credited  by  universal  experi- 
ence* with  the  production  of  rheumatism,  catarrh,  neu- 
ralgia, and  all  affections  of  a  bronchial  and  pulmonary 
nature,  and  is  probably  a  strong  predisposing  factor  in 
the  production  of  outbreaks  of  diphtheria.  Dampness  of 
soil  is  also  favourable  to  measles  and  whooping  cough. 

The  researches  of  Dr.  Dowditch,  of  Boston,  U.S.A., 
and  of  Dr.  Buchanan  in  this  country,  have  conclusively 
bhown  that  there  is  an  intimate  connection  between 
moisture  of  soil  and  destructive  diseases  of  the  lungs 
(diseases  of  the  lungs  attended  with  destruction  of  lung 
tissue,  usually  known  as  phthisical,  and  most  often  tuber- 
culous). Such  disicases  where  shown  by  Dr.  liuchanan 
to  be  much  less  fatal  in  certain  Knglish  towns,  after 
(hey   had    been    sewered    and    the    soil    conscqucutly 
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drained,  than  lliey  had  been  previous  to  the  construc- 
tion of  the  sewer  works.  Where  the  drj'ing  of  the 
subsoil  was  considerable,  the  deaths  from  phthisis  were 
reduced  by  a  third,  or  even  by  half,  of  what  they  had 
previously  been. 

Professor  Pettenkofer  and  other  Continental  observers 
have  sought  to  establish  a  relation  between  the  height 
of  the  ground  water  and  epidemic  outbreaks  of  typhoid 
fever.  Pettenkofer's  observations  were  made  on  the 
wells  of  Munich  ;  and  they  tend  to  show  that  when  the 
water  in  these  wells  was  at  its  lowest  level,  especially 
after  a  rapid  fall  succeeding  an  unusually  high  level, 
outbreaks  of  the  fever  occurred.  Munich  is  built  on  a 
porous  sandy  soil,  at  that  tiine  riddled  with  cesspools, 
of  which  the  contents  rapidly  soaked  into  the  surround- 
ing soil ;  so  that  it  is  conceivable  that  after  heavy  rain- 
fall liquid  cesspool  filth  should  find  its  way  into  the 
wells,  and  the  outbreak  of  typhoid  fever  two  or  three 
weeks  after  the  specific  pollution  of  the  drinking  water 
might  be  coincident  with  a  fall  in  the  ground  water  to 
its  usually  low  level. 

In  this  country  no  invariable  relation  has  been  found 
to  exist  between  the  onset  of  typhoid  fever  epidemics 
and  low  level  of  ground  water. 

In  considering  this  subject,  it  must  not  be  forgotten 
that  there  are  other  factors,  such  as  temperature,  con- 
dition of  the  soil  as  regards  nioisture  and  freedom  from 
pollution,  &c.,  which  may  have  a  more  direct  bearing 
on  health  conditions  than  the  level  of  the  ground  water. 
The  right  view  appears  to  be  that  fluctuations  of  level 
are  of  but  little  consequence  in  Ihemseives,  but  that  by 
favouring  pollution  of  water  in  wells,  and  by  forcing 
impure  ground  air  into  houses,  they  exercise  a  most 
considerable  influence  on  health. 

Pettenkofer  has  expressed  similar  views  with  regard 
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to  cholera  outbreaks ;  but  it  cannot  be  said  at  present  that 
the  facts,  on  which  these  views  are  founded,  warrant 
more  than  a  recognition  of  the  occasional  occurrence  of 
coincidence  of  cholera  outbreaks  with  a  low  state  of  the 
ground  water.  Epidemic  diarrhoea  occurring  in  summer 
and  autumn  has  also  been  shown  to  be  dependent  on 
certain  soil  conditions  {vide  p.  227},  and  the  infection  of 
yellow  fever  is  also  generally  held  to  have  some  relation 
with  the  soil— probably  through  the  agency  of  mosquitoes. 
The  connection  between  malaria  and  damp  marshy 
•oils  capable  of  holding  stagnant  water — the  breeding 
grounds  of  the  mosquito  (Anopheles) — is  more  firmly 
established.  In  many  instances,  malarious  districts 
have  been  rendered  healthy  by  subsoil  drainage  or  by 
tree  planting.  In  hot  climates,  trees  and  vegetation 
abstract  large  quantities  of  water  from  the  soil,  which 
is  evaporated  from  their  green  leaves.  It  has  been 
calculated  that  an  oak  tree  evaporates  eight  and  a  half 
times  the  rainfall  over  the  area  it  covers,  whilst  the 
Eucalyptus  globulus  absorbs  and  evaporates  eleven  times 
this  amount.  The  latter  shrub  has  been  extensively 
planted  in  many  malarious  districts,  and  has  had  con- 
siderable effect  in  rendering  them  more  healthy.  The 
soil  has  been  dried  by  permanently  lowering  the  level  of 
the  subsoil  water  ;  and  the  moisture  factor  being  with- 
drawn, the  malarial  agents  (mosquitoes)  are  no  longer 
provided  with  an  environment  favourable  to  their  pro- 
pagation. It  must  be  remembered  also  that  moisture 
favours  decomposition  of  putrcfiable  material;  therefore 
a  dry  soil  is  cleaner,  and  the  ground  air  is  purer  than  in 
a  damp  one. 

I  In  very  malarious  districts  it  is  advisable  that  houses 
should  l>e  raised  above  the  ground  on  arches  open  to 
the  air,  or  in  the  case  of  wooden  houses  on  piles.  Moist 
ground  around  the  site  of  the  house  should  be  drained 
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and  filled  in,  and  the  surface  paved  or  covered  with 
grass  kept  closely  cut.  Jungle  and  excessive  vegetation 
should  be  cleared  away  and  burnt. 

From  the  above  remarks  it  will  be  seen  that,  in  the 
choice  of  a  site  for  a  house,  a  dry,  fairly  open,  and  sunny 
situation,  and  a  pure,  dry,  and  porous  soil  should  be 
chosen — if  possible,  in  an  elevated  position  and  on  a 
gentle  slope  favouring  natural  drainage  both  on  the  sur- 
face and  in  the  subsoil.  Valleys  lying  in  the  direction  of 
the  prevalent  winds  are  more  healthy  than  those  lying  in 
other  directions.  In  cold  and  temperate  climates,  sands 
and  gravels,  if  of  considerable  depth,  and  not  water- 
logged by  reason  of  a  low  situation  and  an  underlying 
stratum  of  clay,  are  the  healthiest,  because  the  warmest 
(most  absorbent  of  heat)  and  the  driest.  Gravel  patches 
have  sometimes  a  clayey  or  loamy  matrix,  and  may  thus 
be  themselves  retentive  of  water.  Clayey  soils  are  cold, 
because  little  absorbent  of  heat,  and  they  are  also  damp 
from  the  retention  of  moisture,  and  therefore  not  so 
healthy  as  the  more  permeable  soils.  The  disadvantages 
of  living  on  clay  are  materially  reduced  by  elevation  with 
good  surface  falls.  Chalk  is  usually  dry,  but,  being  little 
absorbent  of  heat,  is  cold.  In  hot  climates  sands  are 
excessively  hot,  unless  covered  with  herbage,  which 
protects  from  the  sun's  rays,  and  cools  the  air  by  evapo- 
ration of  moisture.  Trees  also  check  evaporation  from 
the  ground,  and  thus  favour  dampness.  They  may  lie 
utilized,  at  a  sufficient  distance  from  tlie  house,  for 
sheltering  from  the  north  and  east  winds. 

In  towns,  nude  soils — which  are  often  mere  excavations 
made  for  the  purpose  of  removing  the  virgin  gravel,  and 
subsequently  filled  in  with  all  sorts  of  rubbish  and  dust 
bin  refuse — sliould  be  avoided.  If  the  soil  is  damp,  the 
entire  site  below  the  foundations  should  be  drained  by 
laying  unglazed  agricultural  pipes  in  trenches  filled  in 
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above  with  pebbly  gravel.  This  allows  free  percolation 
of  water  into  the  pipes,  through  the  porous  material  of 
which  they  are  constructed,  and  between  their  ends, 
which  are  laid  in  apposition,  but  not  jointed.  The  sub- 
soil drains  should  not  be  connected  with  any  soil  drain, 
sewer,  or  cesspool,  but  should  discharge,  if  possible,  into 
a  ditch  or  stream.  In  open  soils,  such  as  sands,  a  single 
drain  will  lower  the  level  of  the  ground  water  over  a 
considerable  area,  whereas  in  stiff  close  soils  numerous 
drains  are  necessary. 

To  prevent  the  entrance  of  ground  air,  the  entire  site 
of  the  house,  within  the  external  walls,  should  be 
covered  with  a  layer  of  cement  concrete,  6  inches  thick, 
rammed  solid  ;  and  the  surface  thus  formed  should  be 
grouted  over  with  cement.  In  large  town  houses  with 
basement  floors  below  the  street  level,  the  cemented 
surface  when  asphalted  or  paved  may  conveniently  form 
the  finished  flooring;  being  free  from  cracks  and  cre- 
vices, it  can  afford  no  lodgment  for  cockroaches  or  other 
vermin,  which  so  frequently  infest  the  lower  storeys. 

In  houses  without  cellars,  more  especially  where  the 
site  is  not  concreted  over,  the  lower  floors  should  be 
raised  2  feet  above  the  surface  of  the  ground,  and  the 
intervening  space  should  be  well  ventilated  through  air 
bricks  in  the  external  walls. 

Great  care  must  be  taken  that  the  excavations  for 
the  house  foundations  are  protected  from  the  access  of 
water  ;  otherwise  they  serve  to  store  moisture  and  occa- 
sion serious  dantpness  in  the  basement.  The  building 
should  be  erected  on  a  uniform  bed — not  partly  on 
gravel  and  partly  on  clay,  for  instance,  as  there  would 
then  be  une<]ual  resistance  to  the  superincumbent  pres- 
sure. If  the  building  is  on  sloping  ground,  it  should  be 
well  protected  from  moisture  on  the  side  towards  which 
the  surface  waters  tlow.     A  chalk  foundation  should  b« 
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first  well  tested,  as  cavities  or  pipes  therein  may  iead  to 
subsidence.  Clay  slopfes  are  undesirable  sites,  because 
the  clay  may  shrink  and  crack  after  a  prolonged  drought, 
or  swell  and  soften  after  miicli  rain,  and  thus  injure  the 
foundations. 

A  wall  built  of  ordinary  building  bricks  and  mortar  is 
very  porous,  and  capable  of  absorbing  large  quantities  of 
water.     Each  brick  can  hold  about  i6  ounces  of  water. 

To  obviate  damp  from  the  ground  rising  in  the  walls, 
a  horizontal  damp  proof  course  of  slates  bedded  in 
cement,  a  J-inch  layer  of  asphalt,  or  slabs  of  perforated 
glazed  stoneware,  should  be  inserted  in  the  wall  slightly 
above  the  level  of  the  ground  adjoining  (fig.  34).     The 


Fio.  S4.— House  Foiinilation  with  Damp  Proof  Coarse  in  woll  aad  Dry  Area. 

stoneware  slabs  answer  a  double  purpose  ;  they  are  not 
only  damp  proof,  but  the  perforations  afford  an  air 
passage  through  the  wall,  and  ventilate  the  space  under 
the  flooring — a  very  necessary  precaution  to  prevent 
dry  rot  in  timbers  and  joists. 

Damp  proof  courses  may  even  be  inserted  in  the  walls 
of  old  buildings,  by  removing  a  course  of  bricks  piece- 
meal, and  then  inserting  air  bricks  in  sections. 
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The  external  house  walls,  when  these  pass  below  the 
surface  of  the  ground,  must  be  separated  from  the 
ground  by  an  "  open  "  area  extending  upwards  from  the 
footings  or  foundation.  Where  space  will  not  admit  of 
an  open  area,  a  "  dry  "  area  should  be  formed  (fig.  34). 
H  This  is  merely  an  area  a  few  inches  wide,  carried  up 
well  above  the  surface  of  the  ground,  to  prevent  the 
moist  earth  coming  in  contact  with  the  wall,  and  is 
covered  at  the  top ;  or  a  double  wall  may  be  formed 
below  the  ground  level  so  as  to  enclose  a  vertical  air 
space  ;  this  arrangement  necessitating  two  damp  proof 
courses — the  lower  just  above  the  footings,  and  the 
upper  across  the  outer  p>ortion  of  the  double  wall  above 
the  ground  level.     These  provisions  are   necessary  to 

■  prevent  damp  cellars  and  basements. 
In  very  exposed  situations  the  outer  walls  of  houses 
are  liable  to  become  damp  from  driving  rain.  The 
usual  remedies  are  the  covering  of  the  walls  with  slates 
or  glazed  tiles,  or  coating  the  brickwork  with  Portland 
cement,  which,  being  impervious  to  moisture,  is  found 

■  to  answer  extremely  well. 
House  walls  constructed  of  soft  porous  bricks  jointed 
with  bad  mortar  are  especially  liable  to  become  damp 
irom  soaking  in  of  rain.     If  both  bricks  and  mortar  are 
>ft  and  rotten,  the  wall  should  be  coated  with  cement ; 
the  bricks  are  sound,  but  the  mortar  decayed,  the 
Jwall  should  be  repointed  with  good  cement. 

Sometimes  in  new  houses  the  wall  papers  are  stained 

rom  temporary  dampness,  which  is  due  to  the  cvapora- 

ion  of  the  water  in  the  bricks  and  mortar  ("  building 

vater  "}. 

Another  common  cause  of  damp  walls  is  defective 

'  i^utters  to  the  roof,  or  broken  or  otherwise  damaged 

ram  water  pipes.     In  both  these  cases  water  drips  down 

the  walls,  and,  soaking  through  the  bricks  and  mortar. 
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causes  a  permanent  dampness  and  moisture  in  the 
rooms  within.  A  further  source  of  damp  in  the  walls 
of  basements  or  ground  floor  rooms  is  the  absence  of 
proper  paving  of  the  ground  around  the  house,  where 
damp-proof  courses  or  open  areas  do  not  exist,  as  is  tlie 
case  in  most  artisans'  and  labourers'  dwellings  in  large 
towns.  The  rain,  or  the  water  from  a  leaky  tap,  soaks 
into  the  ground  around  the  house  unless  it  is  paved  and 
sloped  to  a  drain  inlet,  and  in  time  saturates  the  brick- 
work. In  most  towns  the  local  authorities  now  compel 
house  owners  to  pave  the  yards  and  areas  around 
working  class  dwellings.  The  best  material  for  yard 
paving  is  cement  concrete,  the  Portland  cement  being 
first  well  dried  and  then  thoroughly  mixed  with  clean 
sharp  sand.  Asphalt  also  makes  a  good  paving.  Other 
materials  used  are  blue  glazed  Staflfordshire  bricks  and 
York  flagstones,  but  in  these  cases  a  good  hard  and 
smooth  bottom  of  concrete  should  first  be  laid. 

Generally  the  natural  surface  soil  of  a  locality  is  too 
thin  to  materially  affect  the  sanitary  conditions  of  a  site, 
but  it  may  occasionally  reach  a  depth  of  several  feet. 

Low  lying  alluvial  tracts  are  not  desirable  sites  for 
residences,  for  the  ground  water  is  either  very  near  the 
surface,  or  the  ground  is  water-logged  for  many  months 
of  the  year  ;  and  the  site  is  damp,  subject  to  fogs,  and 
affords  an  unreliable  foundation  for  buildings.  When 
an  alluvial  site  is  on  the  borders  of  a  river,  it  is  liable  to 
flooding,  and  it  becomes  extremely  diflicult  to  secure 
dry  basements.  There  is,  moreover,  great  difficulty  in 
providing  efficient  drainage  for  the  sewage  of  the  house, 
especially  where  houses  have  basements. 

An  intimate  relation  exists  between  the  sanitary  con- 
dition of  streets  in  urban  districts  and  the  prevalence  of 
summer  diarrhoea.  The  sanitary  condition  of  streets 
depends  not  merely  upon  the  use  made  of  them,  but 
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also  up>on  the  materials  of  whkh  they  are  constructed,  1 
and  the  manner  in  which  tliey  are  kept,  as  regards  the  1 
frequent  removal  of  slop  and  dust. 

A  perfectly  good  road  should  have  a  firm  dry  founda- , 
lion,  with  a  hard,  tough,  and  compact  surface,  the  latter  | 
being  neither  too  flat  to  allow  water  to  stand,  nor  tooj 
convex  to  inconvenience  trafTic. 

The  substitution  of  mechanical  power  for  horse  trac- 
tion would  be  a  great  sanitary  advancement,  and  in  the 
matter  of  street  cleansing  would  effect  a  great  saving  of 
expense.  The  usual  method  of  bringing  trade  refuse  out  | 
into  the  streets,  and  the  general  littering  which  results, 
is  a  practice  which  ought  not  to  be  allowed.  In  large 
urban  communities  a  considerable  proportion  of  the  popu- 
lation spend  the  major  part  of  the  day  in  the  streets,  ^^ 
and  their  houses  practically  abut  upon  them.  The  ^M 
necessity,  therefore,  of  keeping  the  streets  as  wholesome 
as  possible  by  guarding  them  from  all  avoidable  animal 
and  vegetable  pollution  by  frequent  scavenging  is  ob- 
vious, and  makes  itself  specially  felt  in  the  hot  weather, 
when  the  odours  given  ofif  from  badly  scavenged  streets 
are  most  marked,  and  the^  suspended  dust  (of  horse 
dung,  &c.)  is  highly  unpleasant  and  irritating  to  the 
eyes  and  throat.  The  desirability,  from  a  public  health 
standpoint,  of  perfectly  sanitary  roads  is  being  increas- 
ingly recognized  year  by  year.  Frequent  flushing  by 
hand  cart  or  by  hose  has  possibly  some  effect  in  reduc- 
ing summer  diarrhcea  prevalence.  1 

The  chief  kinds  of  road  paving  arc  macadan),  granite 
setts,  wood,  and  asphalt.  Regarded  from  the  sanitary 
aspect,  macadam  creates  by  far  the  most  mud  and  dirtij 
and  is  therefore  expensive  to  maintain  and  cleanse ;  it 
is  noisy  and  very  absorl>ent.  Constant  watering  in  dry 
weather,  and  cleansing  of  the  surface  at  all  times,  ar» 
absolutely  necessary  to  maintain  a  macadam  road  in 
gooil  condition. 


Granite  setts  furnish  a  most  enduring  pavement, 
easily  and  cheaply  repaired  and  cleansed,  and  practi- 
cally non  absorbent.  The  great  objection  to  this  form 
of  pavement  is  the  noise  arising  from  the  wheels  of  the 
vehicles  and  the  iron  shoes  of  the  horses  striking  upon 
it.  The  noise  can  be  diminished  by  running  the  joints 
with  asphaltic  composition  instead  of  the  ordinary 
Portland  cement  grouting. 

Wood  paving  is  the  most  expensive,  but  possesses 
the  following  advantages: — It  is  almost  noiseless ;  it  is 
clean,  and  creates  no  mud  of  itself  until  it  is  worn  ; 
cleansing  is  comparatively  easy,  when  not  much  worn ; 
and,  though  slippery  at  times,  a  fall  does  not  hurt  a 
horse  like  a  fall  on  a  macadam  road.  The  disadvantage 
is  its  capacity  for  absorption,  with  the  giving  off  of 
offensive  odours  during  the  hot  dry  season  ;  but  this 
is  in  some  measure  obviated  by  the  use  of  hard  woods 
creosoted  under  pressure,  and  jointed  with  impervious 
material. 

Asphalt  is  the  most  sanitary  paving,  being  Smooth, 
impermeable,  jointless,  and  most  durable.  It  is  cleansed, 
swept,  and  flushed  more  easily  than  any  other  kind  of 
paving,  and  is  admirably  adapted  for  all  classes  of  town 
roads  and  streets  which  are  level,  or  have  only  very 
slight  gradients.  lis  chief  disadvantage  is  that  it  is 
slippery  when  first  damped  with  rain,  and  that  horses 
fall  very  heavily  on  it.  It  is  doubtful,  however,  if  it  is 
more  slippery  than  wood  under  similar  circumstances. 
For  motor  traffic  and  for  pedestrians  asphalt  forms  an 
ideal  paving  material. 
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The  Sanitary  Construction  of  the  House, 

General  Considerations, — With  regard  to  aspect  in  this 
country,  north  and  north-eastern  aspects  are  cold,  whilst 
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southern  are  warm  ;  north-western  and  south  western 
are  exposed  to  boisterous  winds,  and  in  the  latter  also  to 
driving  rains  ;  tlie  south-easterly  aspect  is  generally  difl 
and  mild,  and  is  well  selected  for  the  living  rooms  or 
a  house.  Sunshine  should  be  capable  of  entering  every 
living  room  at  some  time  of  the  day.  The  provision 
of  bay  windows  will  help  to  secure  this  desideratum. 
The  sufficient  lighting  of  every  room  is  most  important. 
Gwilt's  rule  that  there  should  be  i  square  foot  of  gla 
to  every  too  cubic  feet  of  room  space  is  probably  rati: 
an  under-estimate  of  the  requirement  in  towns;  on 
other  hand,  excessive  window  provision  makes  a  room 
very  warm  in  summer  and  cold  in  winter. 

All  staircases,  passages,  or  corridors  should  be  wa 
lighted  and  ventilated  direct  from  the  outside  air. 

bedrooms  should  have,  where  practicable,  an  east 
south-cast  aspect,  so  as  to  get  the  morning  sun  ;    they 
should  have  plenty  of  window  area  and  an  open  f>^| 
place.  ^ 

Too  little  attention  is  often  given  to  the  situation  of  the 
larder,  and  it  is  frei^uently  found  in  a  most  undesirable 
position— badly  lighted,  b.idly  ventilated,  the  window 
opening  just  above  the  dust  bin,  and  one  (stucco)  wall 
separating  it  from  a  water  closet.  The  larder  should 
face  north  for  coolness,  and  have  provision  fur  a  through 
current  of  fresh  air ;  the  window  or  windows  should  be 
protected  with  perforated  zinc  to  exclude  insects. 

Ail  chimneys  should  be  kept    as   much    as   possiE 
together,  and  protected  from  cold  so  as  to  favour 
ward  draught. 

The  most  sanitary  wall  covering  for  watcr-cic 
hath  rooms,  and  sculleries  arc  glazed  tiles,  or  the  walls 
may  be  covered  with  a  silicate  paint;  in  cither  case  they 
can  be  easily  and  frequently  cleansed.  l''or  bedrooms 
distempeiiug  is  to  be  preferred  to  wall  paper. 
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sitting  rooms  wall  paper  is  employed,  one  with  a  smooth 
varnished  surface  should  be  chosen  in  preference  to  an 
uncleanly,  absorbent  flock  paper. 

As  to  the  floors,  the  ordinary  floor  boarding  supported 
on  floor  joists,  placed  i  foot  apart,  and  leaving  an  open 
space  some  inches  in  depth  between  the  floor  surface 
and  the  concrete  foundation  or  the  ceiling  of  the  room 
below,  has  little  to  recommend  it.  The  space  beneath 
the  floor  becomes  a  receptacle  for  dirt,  which  gets 
through  the  cracks  between  the  floor  boards.  Whenever 
such  a  door  is  laid  down  it  should  be  made  with  grooved 
and  tongued,  or  ploughed  and  tongued  boarding,  so  as 
to  insure  the  boards  being  tight  fitting.  IJut  it  is  far 
preferable  that  "  solid  floors  "  should  be  constructed  by 
laying  tlie  floor  joists  side  by  side  and  nailing  the  floor 
boarding  to  the  solid  upper  surface  of  the  joists. 

Glazed  tiles  and  bricks  form  satisfactory  floors  for 
water-closets,  lavatories,  bath  rooms,  sculleries,  and 
larders.  The  best  floor  covering  for  the  rest  of  the 
house  is  hard  wood,  such  as  oak  well  fitted,  beeswaxed, 
and  polished  ;  or  hard,  well  seasoned  deal,  stained  and 
well  varnished.  Parquet  flooring  insures  a  uniform  and 
impervious  surface.  For  roofing,  some  non-absorbent 
material  is  to  be  preferred.  Roofs  of  tliatch  and  wood 
are  liable  to  be  damp  and  to  harbour  insects,  and  their 
inflammability  is  a  source  of  danger.  Slates  and  tiles 
are  good  materials;  the  former  are  light,  but,  being 
good  conductors  of  heat,  are  cold  in  winter  and  hot  in 
summer,  whereas  the  latter,  though  heavy,  are  warmer 
in  winter  and  cooler  in  summer.  Lead,  zinc,  and  copper 
have  all  been  used  for  roofmg ;  like  slates,  they  are  good 
conductors  of  heat,  and  impervious. 

In  house  furnishing,  woolly  and  fluffy  articles  of 
decoration,  heavy  draperies,  fittings  and  ornaments, 
which  will  harbour  dust  and  render  it  difficult  of  re- 

Z  2 


34° 


HYGIENE    AND    PUBLIC    HEALTH. 


nioval,  sliould  be  avoided  ;  and  carpets  should  not  be 
made  to  cover  the  whole  floor  and  be  nailed  to  it,  but 
should  be  laid  down  as  squares  which  admit  of  easy 
removal  for  cleansing  purposes. 

Walls  are  generally  built  of  brick,  stone,  timber,  or 
concrete, 

The  materials  used  in  building  should  be  as  compact 
and  as  inipeimeable  as  possible  ;  all  bricks  should  be 
hard  and  as  little  absorbent  of  moisture  as  practicable, 
all  wood  well  seasoned,  and  the  plaster  impermeable. 
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CHAPTER   VI. 
CLIMATE  AND   METEOROLOGY. 


Climate. 


The  human  body  possesses  marvellous  powers  of  adapt- 
ability to  the  varying  external  conditions  occasioned  by 
changes  of  climate  and  season,  and  the  transition  from 
cold  to  heat,  dryness  to  humidity,  and  vice  versd.  The 
normal  temperature  of  the  body  is  sustained,  and  the 
bodily  functions  are  property  performed,  under  all  the 
varying  conditions  of  climate  and  season  to  be  met  with 
in  the  habitable  globe. 

In  hot  climates,  where  the  temperature  of  the  air 
approaches,  or  even  exceeds  at  times,  the  temperature 
of  the  blood,  there  is  little  call  made  upon  the  heat  pro- 
ducing powers  of  the  body.  Consequently  metabolism 
is  decreased  ;  the  urea  of  the  urine  and  the  respiratory 
carbonic  acid  are  lessened  in  amount,  as  less  food  is 
required  ;  the  digestive  and  assimilative  powers  are 
lessened  ;  and  oxygenation  of  the  blood  is  diminished, 
because  the  number  of  respirations  is  decreased,  and  the 
heated  air  contains  less  oxygen  in  a  cubic  foot  than  cold 
air.  At  the  same  time  great  heat,  although  compatible 
with  health,  is  enervating ;  for  the  perfection  of  bodily 
activity  can  only  be  obtained  when  tissue  changes  are 
rapid.  In  hot  climates  the  skin  is  extremely  active,  and 
the  secretion  of  sweat  enormously  increased.  This 
means  great  evaporation  from  the  surface  and  cooling 
of  the  blood,  with  the  result  that  the  body  temperature 
is  maintained  at  its  normal  level, 

The  effects  of  cold  are  exactly  the  reverse  to  those  of 
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boat.  To  maintain  the  temperature  of  the  body,  tisstt 
metamorphosis  must  be  rapid ;  food,  and  especial!; 
carbonaceous  food,  must  be  taken  in  large  quantities 
oxygenation  of  the  blood  and  elimination  of  CO,  are  in 
creased ;  the  skin  functions  are  reduced  to  a  minimum 
while  the  excretion  of  urine  increases,  and  but  littlt 
blood  reaching  the  surface,  surface  cooling  is  obviated 
whilst  the  rapid  tissue  changes  permit  of  great  bodil; 
and  mental  activity  being  shown. 

Great  humidity  of  the  air  causes  lessened  evapora 
from  the  lungs  and  skin.  For  the  air,  being  saturated 
or  nearly  so,  with  moisture,  has  little  drying  power,  am 
the  moisture  from  the  skin  and  lungs  is  with  difficult; 
evaporated.  The  evaporation  of  moisture,  by  whicl 
much  heat  is  rendered  latent,  is  one  of  the  chief  source 
of  cooling  of  the  body.  Consequently,  when  the  air  i 
hot  and  very  moist,  the  humidity  tends  to  increase  ihi 
effects  of  the  heat ;  the  blood  is  with  difficulty  kept  a 
its  proper  temperature;  and  all  the  <bsagrecable  result 
of  the  high  temperature  are  intensified.  Moreover,  thi 
humidity  of  the  air  affects  the  climate  of  a  place  b; 
hindering  the  terrestrial  radiation  of  heat. 

When  the  air  is  very  dry,  and  especially  when  it  i 
also  warm,  so  that  its  capacity  for  taking  up  moisture  i 
very  great,  the  evaporation  from  the  skin  and  the  lungs  i 
increased.  In  chronic  lung  diseases,  such  as  bronchitis 
emphysema,  and  some  cases  of  phthisis  with  mucl 
congestion  or  bronchitis,  dryness  of  the  atinospher< 
causes  cough  and  irritation,  no  doubt  from  the  increase! 
evaporation  thrown  on  the  lungs.  The  warm,  equable 
and  f;iirly  muist  climates  are  best  suited  for  th«  treatmen 
of  these  complaints. 

For  healthy  people  in  temperate  climates,  the  pB 
santcst   ilegrec  of  humidity  »s  about  75  per  cent, 
saturation  (relative  humidity  75). 
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The  effect  of  movement  of  air  (winds)  on  evaporation 
is  very  great.  In  cold  weather  a  chilly  wind,  if  dry,  in- 
creases the  evaporation,  and  also  lowers  the  temperature 
of  the  body  by  the  impact  of  its  cold  particles,  which 
absorb  the  heat  of  the  lx)dy,  and  then  pass  away  to  be 
replaced  by  more  cold  air.  The  skin  becomes  dry  and 
chapped,  and  the  lungs  are  irritated.  In  hot  climates  a 
dry,  hot  wind  increases  the  evaporation  enormously. 

The  warm  and  moist  south-west  winds  in  the  British 
Isles  are  mild  and  relaxing,  while  the  dry  and  colder 
east  and  north  winds  are  bracing. 

At  high  altitudes  the  air  is  rarefied,  and  the  pressure 
of  the  atmosphere  is  diminished.  The  other  conditions 
met  with  in  mountain  climates,  as  contrasted  with  those 
of  plains,  are:  (i)  Greater  movement  of  air — strong 
winds  are  very  prevalent;  (2)  lessened  humidity;  (3)  in- 
creased sunlight ;  (4)  great  freedom  of  the  air  from 
suspended  matter — mineral  and  organic  (bacteria,  fungi, 
and  spores) ;  (5)  a  larger  amount  of  ozone  in  the  air ; 
(6)  a  lowered  temperature  generally ;  but  as  the  soil  is 
rapidly  heated  by  the  sun,  the  days  ia  summer  may  be 
warm,  whilst  the  rapid  radiation  of  heat,  as  soon  as  the 
sun  sets,  causes  sudden  cooling  and  a  very  low  tempera- 
ture at  night.  Temperature  decreases  with  altitude  to 
the  extent  of  about  1°  F.  to  every  300  feet  of  ascent.* 

Although  the  weight  of  oxygen  in  a  cubic  foot  of  air  is 
decreased  at  high  altitudes,  the  oxygenation  of  the  blood 
is  increased,  for  the  respirations  are  more  frequent  and 
have  greater  depth;  and  after  a  short  period  of  residence 
the  capacity  of  the  chest  is  found  to  be  increased  in  all 

•  The  weight  of  oxygen  in  a  cubic  foot  of  air  is  diminished  in  pro- 
portion to  the  diminution  of  pressure;  thus,  if  the  barometer  stands 
at  20  inches,  the  i3o'4  grains  of  oxygen  present  in  a  cubic  foot  of 
dry  air  at  30  inches  of  mercury  and  31°  F.,  is  reduced  to  |jj  of 
l30'4=86-9  grains  only. 
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its   measurements,   together   with    increased   power  of 

expansion  and  contraction.     The  action  of  tlie  heart  is 

[also  increased,  and  tissue  change  is  stimulated  by  the 

"  low  temperature  and  the  dryness  of  the  air,  leading  to 

improved   digestion,  assimilation,  and  excretion,  with 

^increased  bodily  activity. 

These  effects  of  residence  at  a  high  altitude,  together 
with  the  freedom  of  the  air  from  dust  and  germs,  and  its 
impregnation  with  ozone,  have  led  to  the  treatment  of 
cases  of  phthisis  at  mountain  resorts,  with  often  the  most 
beneficial  results.  The  cases  most  benefited  are  those 
in  an  early  stage  without  much  congestion  or  bronchitis, 
which  might  be  aggravated  by  the  cold  dry  air.  It  is 
advisable  that  spots  should  be  chosen  which  are  sheltered 
from  cold  winds;  and  those  popular  resorts,  where  many 
phthisical  persons  are  crowded  together  in  hotels  and 
boarding  houses  without  proper  precautions  being  taken, 
should  be  avoided.  As  much  time  as  possible  should  be 
sjKjnt  in  the  open  air. 

A  mountainous  district  in  proximity  to  the  sea  is  liable 
to  excessive  rainfall.  The  moist  currents  of  air  blowing 
in  from  the  sea  are  chilled  by  striking  against  the 
mountain  chain ;  clouds  are  formed,  and  some  of  the 
moisture,  no  longer  able  to  be  held  as  invisible  vap>our, 
on  account  of  the  lower  temperature,  is  deposited  as  rain, 
DOW.  or  sleet,  according  to  the  temperature  and  season 
>f  the  year.  If  the  mountains  are  in  the  centre  of  a 
continent  far  removed  from  the  sea,  the  rainfall  may  not 
great.  The  excess  of  moisture  in  the  ocean  currents 
I'ill  already  have  been  deposited  before  reaching  the 
lills ;  and  in  these  situations  a  mountain  climate,  with- 
out the  dtawb.ick  of  excessive  rainfall,  may  be  obtained 
suitable  for  the  rc<juircmenls  of  consumptives  and 
invalids.  The  westerly  winds  which  blow  over  the 
Rocky  Mountains  deposit  most  of  their  moisture  on 
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the  western  sides  of  the  range,  and  on  the  eastern 
slopes  the  climate  is  comparatively  dry  and  cold. 

Increased  pressure  of  the  atmosphere  produces  effects 
very  much  of  an  opposite  nature  to  those  just  considered. 
It  is  found,  however,  that  the  system  quickly  accustoms 
itself  to  increased  atmospheric  pressure,  and  that  men 
can  work  vigorously  in  diving  bells,  in  the  compressed 
air  cliambers  necessary  to  lay  the  foundations  of  bridges 
and  aqueducts  under  water,  and  in  the  very  deepest 
mines. 

The  painful  effects  of  exposure  to  high  atmospheric 
pressure  are  generally  referred  to  as  "  caisson  disease." 
A  caisson  is  a  cylinder  of  iron  plates  rivetted  together, 
which  is  sunk  on  the  bed  of  a  river  so  as  to  form  a  shaft. 
Into  this,  when  closed  at  the  top,  air  is  pumped  under 
sufficient  pressure  to  force  the  water  out  of  the  lower 
part  of  the  shaft,  and  to  keep  it  out  while  men  excavate 
the  bed  of  the  river,  for  the  purpose  of  obtaining  a  suit- 
able foundation  for  the  piers  of  bridges.  There  is  at  the 
top  part  of  the  cylinder,  near  to  the  closing  diaphragm, 
a  chamber  or  "  air  lock,"  in  which  the  pressure  of  the 
air  can  be  gradually  increased  or  diminished.  By  this 
means  the  men,  before  entering  the  compressed  air  in 
the  shaft,  are  subjected  to  a  pressure,  which  is  gradually 
increased,  until  it  equals  that  within  the  shaft.  Similarly, 
on  leaving  the  shaft  the  men  are  gradually  "  decom- 
pressed "  in  this  lock  before  emerging  into  the  outside 
air. 

The  workers  are  liable  to  suffer  from  the  altered 
conditions  of  atmospheric  pressure  to  which  they  are 
daily  subjected,  and  they  are  affected  far  more  by  the 
consequences  of  decompression  and  returning  to  the 
outside  air,  than  from  compression  and  continuance 
of  exposure  to  the  high  pressure  in  the  caisson. 

The  leading  symptoms  of  caisson  disease  are:  (i)  Un- 
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pleasant  sensations  or  severe  pains  in  the  ears,  doubtless 
the  result  of  the  tympanum  l>cing  driven  in  by  the  com- 
pressed air.  The  drum  of  the  ear  is  said  to  have  been 
even  ruptured,  and  sometimes  deafness  results.  These 
ear  symptoms  are  materially  aggravated  if  the  person 
happens  to  be  sufl'ering  from  a  cold  in  the  head  or  sore 
throat,  when  pain  in  the  forehead  is  often  marked. 
(2)  Neuralgic  pains.  (3)  .\  feeling  of  giddiness,  with  a 
tendency  to  fall.  (4)  Loss  of  power  in  the  legs,  amount- 
ing at  times  to  paralysis.  (5)  Slight  to  severe  pains  in 
legs,  arms,  and  shoulders,  (ft)  Epistaxis.  (7)  Itching 
of  skin.  (8)  Hxmoptysis,  (9)  Epigastric  pain,  and 
sometimes  nausea  and  vomiting.  (10)  Occasionally 
unconsciousness.  There  is,  of  course,  a  physiological 
rise  in  the  blood  pressure. 

Three  theories  have  been  adduced  to  explain  com- 
pressed air  illness.  It  has  been  held  to  be  due  to  CO, 
poisoning ;  to  the  mechanical  congestion  of  internal 
organs;  and  to  increased  solution  by  the  blood  of  the 
gases  in  the  compressed  air,  and  the  liberation  of  these 
gases  during  decompression.  The  last  theory  is  most 
generally  accepted.  If  the  first  were  correct,  the  illness 
should  occur  while  the  men  are  in  the  caisson,  and  not 
after  they  emerge  from  it.  In  support  of  the  second 
theory,  it  may  be  said  that  in  several  necropsies  the 
membranes  of  the  brain,  &c.,  have  been  found  deeply 
congested. 

The  symptoms  mostly  benefit  from  recompression, 
followed  by  slow  decompression  lasting  some  forty-five 
minutes. 

The  favouring  causes  are : — Too  long  stay  in  the 
compressed  air,  insuflficient  ventilation  of  the  com- 
pressed air  space — the  amount  of  illness  varies  inversely 
with  the  extent  of  the  provision  for  vcntiLition  (Sncll), 
too  rapid   decompression,  fulness  of  habit,  advancing 
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age,  over  indulgence  in  alcohol,  and  organic  disease. 
New  hands  suffer  more  than  the  old. 

The  preventive  measures  to  be  adopted  include: — 
Working  during  short  shifts — if  the  pressure  exceeds 
35  pounds,  the  shifts  should  probably  not  exceed  four 
hours,  and  if  the  pressure  reaches  50  pounds,  two  hours; 
the  abundant  supply  of  fresh  air ;  electric  lighting  to  be 
employed,  so  as  to  insure  the  continued  purity  of  the 
air ;  the  rate  of  decompression  certainly  not  to  exceed 
one  minute  to  every  3  pounds  of  pressure;  the  sys- 
tematic examination  of  all  hands,  and  the  selection  of 
those  most  fitted ;  advice  to  be  given  as  to  how  to  in- 
flate the  middle  ear  by  swallowing  air  when  uneasiness 
first  appears,  as  to  the  importance  of  rest  for  a  short 
period  after  leaving  the  compressed  air,  and  as  to  the 
necessity  for  extreme  temperance  with  alcohol. 

The  climate  of  small  islands  and  of  places  on  the 
seashore  differs  from  that  in  the  interior  of  continents 
chiefly  in  its  greater  equability.  The  variations  in  tem- 
perature between  day  and  night  and  between  summer 
and  winter  are  much  less  marked,  whilst  the  winds 
blowing  in  from  the  sea  bring  a  moist  but  pure  air,  rich 
in  ozone  and  free  from  dust  and  germs.  The  specific 
heat  of  water  is  far  greater  than  that  of  the  solid  rocks 
composing  the  earth's  crust ;  hence  water  heats  slowly, 
but  parts  with  its  heat  slowly.  The  land  heats  quickly 
and  radiates  quickly,  but  on  the  land  it  is  the  surface 
soil  alone  which  is  affected  by  the  change  of  seasons.  At 
Greenwich  the  variations  between  summer  and  winter 
temperatures  at  a  depth  of  25  feet  are  only  about  2°  F. 
In  winter  the  ocean  acts  as  a  storehouse  for  the  heat 
absorbed  from  the  summer  sun,  and  slowly  parts  with 
it  to  warm  the  superincumbent  air.  In  summer  the 
land  is  heated  by  the  sun  more  rapidly  than  the  water ; 
coDsequently,  the  air  over  the  land  is  heated  and  rises. 
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and  a  cool  breeze  blows  in  from  the  sea  during  the  day. 
During  the  night  the  earth  is  rapidly  cooled  by  radia- 

Option,  if  the  sky  is  clear ;  the  air  over  the  sea  is  then 
warmer  than  the  air  over  the  land,  it  rises,  and  a  land 
breeze  sets  out  to  sea.  On  a  summer's  day  at  the  sea- 
shore the  air  is  constantly  in  motion,  and  is  cool  and 
moist,  whilst  in  the  interior  it  may  be  insufferably  hot, 
close,  and  dry.  Marshes,  by  the  evaporation  from  the 
shallow  water,  help  to  lower  the  summer  temperature  ; 
but  the  influence  of  large  lakes,  as  in  North  America,  is 
to  bring  about  an  almost  insular  climate  in  summer, 
and  a  continental  one  in  winter,  for  the  frozen  lakes 

^then  exert  a  similar  influence  to  land. 

B  Ocean  climates  are  of  the  greatest  benefit  to  certain 
cases  of  lung  disease  (bronchitis,  emphysema,  conges. 

■  tive  phthisis),  where  a  pure  air,  free  from  dust,  but 
moist  and  of  equable  temperature  is  desired.  Ocean 
voyages  should  be  recommended  with  extreme  caution 
to  phthisical  patients.  The  confinement  and  over- 
crowding in  cabins  and  state  rooms,  the  want  of  exer- 
cise, and  the  costive  habit  thus  produced,  tending  to 
excite  haemoptysis,  arc  all  grave  disadvantages,  and  may 
counteract  any  benefit  to  be  derived  from  the  sea  air. 

The  eflfect  of  vegetation  on  climate  must  not  be  lost 
sight  of.  In  cold  climates  trees  and  shrubs  obstruct  the 
passage  of  the  sun's  rays  to  the  soil,  which  is  therefore 
liable  to  be  cold  and  moist ;  but  in  hot  climates  the 
evaporation  of  water  from  the  leaves  tends  to  dry  the 

>feoil,  whilst  the  temperature  of  the  air  is  lowered,  and 
Ihc  ground  is  sheltered  from  the  direct  rays  of  the  sun 
tnd  kept  cool.  Thus,  the  heat  of  summer  is  lowered 
and  the  cold  of  winter  lessened  by  the  presence  of  trees, 
►•nd,  having  a  lower  temperature  than  the  neighbouring 
[earth's  surface,  high  forests  increase  the  rainfall.  In  very 
lease  forests  the  air  is  generally  stagnant,  and  if  there 


is  much  moist  and  decaying  vegetation  all  the  conditions 
productive  of  malaria  may  be  present  in  a  high  degree. 
Probably  in  all  climates  a  due  admixture  of  herbage, 
shrubs,  and  trees,  without  dense  undergrowth,  but  ad- 
mitting the  passage  of  free  currents  of  air  in  every  direc- 
tion, is  the  most  conducive  to  health.  Large  tracts  of 
country  destitute  of  trees  and  vegetation  are  in  hot  cli- 
mates unbearably  warm  and  dry,  and  in  cold  climates 
are  exposed  to  every  chilling  wind  and  to  every  extreme 
of  temperature,  according  to  the  season  of  the  year.  In 
such  districts,  too,  rainfall  is  often  absent  or  very  slight 
in  amount,  the  attractive  influence  exerted  by  trees  and 
vegetation  generally  upon  water-charged  clouds  being 
wanting.  For  these  reasons  the  Desert  of  Sahara  gives 
to  the  South  of  Europe  a  much  higher  temperature  than 
would  otherwise  be  the  case. 

Thus,  the  mean  temperature  of  the  air  of  any  place  is 
dependent  on  the  latitude,  the  altitude,  the  relative  pro- 
portions of  land  and  water,  the  aspect,  and  the  nature 
of  the  soil ;  and  the  extent  of  the  diurnal  variations  in 
temperature  is  Itirgely  determined  by  the  proximity 
to  the  coast  and  the  height  above  sea  level.  The 
"amplitude  of  the  yearly  fluctuations"  in  temperature  is 
not  more  than  about  4°  F.  in  some  tropical  places  at  sea 
level,  while  it  may  be  as  much  as  1 10°  F.,  or  even  more, 
in  the  heart  of  large  continents  situated  near  the  poles. 

The  principal  factors,  therefore,  which  determine  the 
climate  of  a  district  are; — (1)  Distance  from  the  equator; 
(2)  distance  from  the  sea  ;  (3)  altitude ;  and  (4)  prevail- 
ing winds. 

Of  the  many  separate  elements  that  go  to  make  up  the 
chmate  of  a  place,  temperature  is  the  most  important, 
and  the  mean  annual  temperature  depends  primarily 
upon  the  amount  of  radiant  heat  received  from  the  sun. 
The  heat  received  from  the  sun,  however,  in  one  place 
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may  be  carried  hy  winds  and  ocean  currents  to  another. 
The  mean  temperature  of  the  tropics  is  about  80'  F.,  and 
that  of  the  arctic  circle  in  latitude  60°  is  25'  F.,  the  dif- 
ierence  of  some  55°  F.  being  due  to  the  fact  that  the  heat 
Nceived  from  the  sun  is  concentrated  upon  a  small  sur- 
face when  the  sun's  rays  fall  near  the  equator,  and  is 
spread  over  a  large  surface  when  they  fall  near  the  poles. 
The  difference  would  be  far  greater  were  it  not  for  the 
heat  carried  away  from  the  tropics  to  the  temp)erate  and 
arctic  regions  by  ocean  currents,  and  to  a  less  extent  by 
winds. 

The  difference  between  summer  and  winter  tempera- 
tures is  also  important,  but  little  variation  being  shown 
in  places  within  the  tropics,  or  on  islands  in  the  middle 
of  large  oceans,  either  in  tropical  or  temperate  latitudes. 
•  The  heating  of  the  air  in  the  tropics,  the  cooling 
around  the  poles,  and  the  deflective  action  of  the  earth's 
rotation,  produce  all  the  prevailing  winds  of  the  globe. 
The  colder  air  of  the  northern  and  southern  regions  of 
the  globe  is  constantly  flowing  towards  the  warmer  and 
more  rarefied  air  over  the  open  seas  on  both  sides  of  the 
equator.  The  result  of  the  earth's  rotation  on  the  flow 
of  the  warm  water  from  the  equator  towards  the  poles 
in  the  North  Atlantic  Ocean  is  the  large  circular  swirl, 
the  northern  and  eastern  sides  of  which  produce  the 
well  known  current  of  the  Gulf  Stream.  This  current, 
together  with  the  circumstance  that  the  prevailing  winds 
have  a  westerly  direction,  accounts  for  the  British  Isles 
poeeessing  such  a  mild  climate  ;  whilst  countries  with 
the  same  latitude  as  England — such  as  Labrador  and 
Eastern  Asia,  in  which  the  prevailing  winds  are  from 
the  land  instead  of  from  the  sea — have  a  mean  winter 
temperature  below  zero. 


Under  the  modem  system,  a  number  of  barometrical 
readings  taken  at  the  same  time  over  an  extended  area, 
such  as  the  greater  part  of  Western  Europe,  are  tele- 
graphed to  a  central  station,  where  they  are  laid  down 
upon  a  map.  On  this  njap  lines  are  drawn  connecting 
the  places  showing  equal  barometrical  pressure ;  these 
lines  are  termed  "  isobars."  This  weather  map  will 
show  the  cyclonic  or  anticyclonic  systems,  as  the  case 
may  be,  their  position,  and  their  extent.  A  cyclonic 
system  is  a  system  having  at  its  centre  the  lowest 
barometrical  pressure,  and  surrounded  by  isobars  of 
gradually  increasing  pressure.  The  isobars  will  be  near 
or  far  apart  according  to  the  amount  of  depression  in 
the  centre.  If  this  depression  is  great,  then  the  isobars 
are  generally  close  together,  and  the  gradients  are  said 
to  be  steep.  If,  on  the  other  hand,  the  depression  in 
the  centre  is  shallow,  the  isobars  arc  further  apart,  and 
the  gradients  are  shallow. 

An  anticyclonic  system  is  the  reverse  of  this,  for  its 
centre  is  the  highest  barometrical  reading,  and  it  is 
surrounded  by  isobars  of  gradually  depressing  pressure. 

In  order  to  restore  atmospheric  equilibrium,  the  air 
tends  to  move  from  a  region  where  the  barometer  is 
liigh  and  pressure  greatest,  towards  one  where  it  is  low 
and  the  pressure  is  least.  Consequently,  currents  of 
air  set  in  from  all  sides  towards  the  centre  of  a  cyclonic 
system,  and  flow  out  in  all  directions  from  the  centre  of 
an  anticyclonic  system.  These  currents  of  air  do  not, 
however,  as  a  matter  of  fact,  flow  straight  to  or  from 
the  centre,  but  have  a  gyratory  movement  imparted  to 
them,  owing  to  the  rotation  of  the  earth  on  its  own  axis. 

The  equatorial    circumference    of    the  earth    being 
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24,900  miles,  and  the  earth  rotating  on  its  axis  once  in 
twenty-four  hours,  it  follows  that  a  point  on  the  earth's 
crust  at  the  equator  must  be  carried  round  at  the  rate 
of  1,040  miles  an  hour.  In  latitude  30°,  liowever,  the 
point  would  only  move  at  the  rate  of  900  miles  an  hour, 
owing  to  the  lesser  circumference  of  the  earth  at  this 
distance  from  the  equator.  In  latitude  60°,  the  rate  will 
be  only  520  miles  an  hour,  and  at  the  poles  it  will  be  nil. 
Now,  the  atmosphere  is  carried  round,  from  west  to 
east,  at  the  same  rate  as  the  earth's  crust;  consequently 
winds  or  currents  of  air  travelling  from  the  equator 
towards  the  poles,  or  from  low  latitudes  into  high,  tend 
to  keep  the  higher  rate  of  rotatory  motion  imparted  to 
them  when  nearer  the  equator,  and  become  westerly — 
that  is,  appear  to  come  out  of  the  south-west  (in  the 
northern  hemisphere)  as  they  progress  towards  high 
latitudes.  In  the  same  way,  winds  travelling  from  high 
latitudes  to  low  ones  meet  an  atmosphere  which  is 
rotating  at  a  greater  rate  than  they  are,  and  conse- 
quently appear  to  come  out  of  the  north-east  (in  the 
northern  hemisphere).  This  is  the  reason  why  the  trade 
winds  which  blow  towards  the  equator  are  north-east 
winds  in  the  northern  hemisphere,  and  south-east  winds 
in  the  southern  hemisphere.  This  direction  of  the  trade 
winds  is  constant  over  all  open  seas  to  about  30°  north 
and  south  of  the  equator,  but  land  changes  their  course. 
The  position  of  the  sun  has  an  influence  on  the  strength 
and  direction  of  these  trade  winds;  when  the  sun  is 
sear  the  tropic  of  cancer  the  south-cast  wind  is  more 
southerly  and  strong  and  the  north-e.ist  wind  is  weaker 
and  more  easterly ;  and  the  reverse  happens  when  the 
sun  approaches  the  tropic  of  Capricorn. 

The  same  forces  apply  to  the  currents  of  air  moving 
towards  the  centre  of  a  cyclonic  system,  or  away  from 
the  centre  of  an  anticyclonic  system.     In  the  case  of  a 
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cyclonic  system  (in  the  northern  hemisphere),  a  current 
setting  towards  its  centre  from  the  north  is  deflected 
to  the  west,  or  appears  to  come  from  north-east.  A 
current  setting  towards  the  centre  from  the  south  of  the 
system  is  deflected  to  the  east,  or  appears  to  come  from 
south-west.  In  tfiis  way  a  gyratory  or  spiral  movement 
is  imparted,  which  causes  the  wind  to  travel  round  the 
centre  of  a  cyclonic  depression,  in  a  direction  against  the 
hands  of  a  watch;  or  supposing  a  person  to  be  travelling 
with  the  wind  with  his  face  towards  the  direction  the  wind 
is  taking,  he  will  always  keep  the  centre  of  the  system, 
1.^.,  the  point  of  lowest  barometer,  on  his  left  hand  side. 

The  central  space  of  the  cyclone  is  thus  occupied  by 
a  vast  ascending  current,  which  after  rising  to  a  con- 
siderable height  flows  away  as  upper  currents  into  sur- 
rounding regions. 

The  direction  of  the  wind  round  an  anticyclonic  centre 
is  exactly  the  reverse.  The  air  flows  away  from  the 
centre  of  greatest  pressure  in  all  directions.  The  current 
flowing  southwards  is  deflected  to  the  west,  and  app»ears 
to  come  from  north  east.  The  current  flowing  north- 
ward is  deflected  to  the  east,  and  appears  to  come  from 
south-west.  Consequently  the  currents  revolve  with 
watch  hands,  and  the  person  travelling  with  the  wind 
keeps  the  centre  of  the  system  — the  point  of  highest 
pressure — -always  on  the  right  hand. 

From  this  it  follows  that  having  a  weather  (synoptic) 
chart  before  us,  and  knowing  the  distribution  of  pressure 
over  the  area  included  in  the  chart,  we  can  generally 
tell  the  direction  of  the  wind  at  any  particular  spot ;  and 
if  we  know  what  course  the  system  is  taking,  i.e,,  the 
direction  in  which  it  is  travelling,  we  can  predict  what 
changes  will  subsequently  take  place  in  the  direction  of 
the  wind  at  that  spot,  until  it  is  no  longer  included  in 
fhe  system. 

AA 


HYGIENE    AND    PUBLIC    HEALTH. 

Cyclonic  systems  are  never  stationary.  They  move 
over  the  earth's  surface,  usually  from  west  to  east  in 
European  latitudes;  and  in  the  case  of  the  British  Isles, 
coming  from  off  the  Atlantic,  their  approach  is  difficult 
to  forecast.  In  these  depressions  the  isobars  lie  close 
together   and  the  winds  are   strong.     As   a   rule,  the 
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tcr  the  depression  ia  the  centre  and  the  steeper  the 
gradient,  the  more  violent  is  the  wind;  but,  according  to 
Scott,  no  simple  relation  l>ctween  the  force  of  the  wind 
and  the  steepness  of  the  gradient  has  yet  been  deter- 
mined.    In  this  country  the  arrival  of  cyclonic  systems 
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off  our  coasts  heralds  the  approach  of  cloudy  skies,  wind, 
rain,  and  damp  air.  These  conditions  imply  warmth  in 
winter,  and  cold  weather  in  summer.  The  centre  of  the 
cyclonic  depression  usually  lies  to  the  north  of  the 
British  Isles ;  consequently,  these  islands  lying  in  the 
track  of  the  southern  portion  of  the  system,  the  wind  is 
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first  experienced  from  the  south-cast,  it  then  shifts 
through  south  to  south-west,  and  blows  harder  the  more 
rapidly  the  mercury  drops.  When  the  barometer  has 
reached  its  lowest  point  the  wind  flies  round  to  west  or 
west-north-west ;  the  barometer  then  begins  to  rise,  the 
rain  ceases,  the  temperature  falls,  and  as  the  wind  be- 
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comes  north  the  sky  clears,  and  fine  weather  is  again 
experienced  (Scott). 

Anticyclones,  on  the  contrary,  are  generally  more  or 
less  stationary,  or  move  very  slowly.  The  isobars  lie 
far  apart,  and  the  winds  are  light.  They  are  accom- 
panied by  fine  weather,  a  dry  atmosphere,  a  sky  gene- 
rally clear  of  clouds,  though  fogs  are  very  likely  to 
prevail  at  places.  These  conditions  produce  cold,  frost, 
or  fog  in  winter,  and  heat  in  summer. 

The  synoptic  charts  (figs.  35,  36)  show  that  the  wind 
Jin  both  cyclonic  and  anticyclonic  systems  has  a  direc- 
tion more  or  less  parallel  to  the  isobars,  but  still,  on  the 
whole,  tending  to  cross  the  isobars  very  obliquely,  so  as 
to  blow  spirally  towards  the  centre  of  a  cyclone,  and 
spirally  away  from  the  centre  of  an  anticyclone. 

Meteorological  Instruments. 

Tlu  Barometer. — The  pressure  of  the  atmosphere   is 

expressed  by  means  of  a  barometer  in  terms  of  the  per- 

,pcndicular  height  of  a  column  of  mercury,  glycerine,  or 

atcr,  which  it  is  capable  of  supporting.     The  weight 

I  the  atmosphere  at  the  sea  level  supports  a  column  of 

ercury  of  29-992  inches,  or  7G0  millimetres,  in  height, 

column  of  glycerine  about  324  inches,  and  one  of  water 

feet,  in  height.    The  water  barometer  is  accordingly 

the  most  sensitive,  but  it  is  inconvenient  in  use. 

The  simplest  form  of  mercurial  barometer  is  a  gra- 
duated U-tut^,  with  one  end  closed.     The  closed  arm 
aix>ut  j2  inches  in   height,  and  the  open  arm  alnjut 
or  9  inches.     The  mercury  placed  in  the  U-tul)e  is 
mnde  tu  completely  occupy  the  closed  arm,  so  that  all 
he  air  is  displaced  from   it ;    then,  when  the  tube  is 
rought  to  its  proper  upright  position,  and  the  mercury 
lis,  there  is  a  complete  vacuum  left  above  it  in  the 
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closed  arm.  The  varying  pressure  of  the  atmosphere 
on  the  surface  of  the  mercury  exposed  in  the  open  (short) 
arm  causes  the  level  of  the  mercury  to  rise  and  fall  in 
the  long  (closed)  arm  ;  and  the  difference  between  the 
levels  in  the  two  arms  represents  the  height  of  the 
column  of  mercury  supported  by  the  atmosphere. 

In  a  standard  mercurial  barometer,  a  vertical  tube 
33  inches  long  rises  from  a  cistern  of  mercury,  the  tube 
above  the  level  of  the  mercury  being  in  a  state  of  per- 
fect vacuum.  In  Fortin's  standard  instrument  (fig.  37) 
the  small  cistern  has  a  leathern  bottom,  which  can  be 
acted  upon  by  a  thumb-screw  («),  enabling  it  to  be 
tightened  or  relaxed  so  as  to  raise  or  lower  the  level  of 
the  mercury  in  the  cistern.  The  scale  for  reading  the 
height  of  the  column  of  mercury  is  divided  into  inches, 
tenths,  and  half-tenths  {^'g)  of  inches  ;  and  to  obtain 
more  accurate  readings  than  the  scale  alone  allows,  a 
sliding  scale  or  vernier  (b)  is  attached,  which  serves  to 
indicate  the  amount  of  space  occupied  by  the  mercury 
above  the  nearest  half-tenth  line.  The  vernier  scale  is 
divided  into  twenty-five  equal  parts,  which  correspond 
to  twenty-four  half-tenth  divisions  on  tlie  barometer 
scale.  Consequently  each  division  on  the  vernier  is 
■^  less  than  a  half-tenth  division  on  the  barometer 
scale,  and  is  therefore  j',  of  j^j  inch  (  =  j-/iry  or  0-002  inch). 

In  order  to  take  an  accurate  observation,  the  eye,  the 
zero  edge  of  the  vernier,  and  the  top  of  the  mercury, 
should  all  be  in  the  same  horizontal  plane;  hence  the 
necessity  of  fixing  the  barometer  at  a  height  convenient 
to  the  observer.  The  temperature  of  the  attached 
thermometer  (c)  is  first  noted;  Ihen  the  level  of  the 
mercury  in  the  cistern  is  so  adjusted  that  the  ivory 
point  (d)  projecting  downward  from  the  roof  of  the 
cistern  just  touches  the  surface  of  the  mercury.  This 
little  ivory  point  indicates  the  zero  of  the  scale;    and 
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since  the  level  of  the  mercurial  surface  in  the  cistern 
varies  with  every  change  of  atmospheric  pressure,  the 
level  of  the  mercury  must  be  adjusted,  prior  to  each 
observation,  to  the  zero  of  the  scale.  Next  read  ofTon 
the  barometer  scale  the  division  immediately  below  the 
top  of  the  column  of  mercury.  Then  adjust  the  vernier 
(fig.  38)  so  that  its  lowest  line  is  level  with  the  top  of 
the  column  of  mercury,  and  the  light  is  just  excluded 
between  the  lower  end  of  the  vernier  and  the  top  of 
the  mercury,  and  count  the  number  of  divisions  on  the 
vernier  from  lielow  upwards,  until  a  line  on  the  vernier 
exactly  corresponds  with  one  on  the  barometer  scale. 
Multiply  the  number  of  the  divisions  on  the  vernier  so 
obtained  by  0-002,  and  add  the  result  to  the  already 
observed  height  on  the  barometer  scale.  Corrections, 
by  Glaisher's  tables,  must  then  be  made  for  temperature 
above  32°  F. — for  mercury,  like  all  other  metals,  ex- 
pands with  a  rise  of  temperature.  The  mercury  falls 
about  TTjVsn  i^^ch  for  every  foot  ascent  above  sea  level, 
and  allowance  must  be  made  for  this  if  the  observation 
is  made  at  an  altitude. 

The  barometer  must  always  be  carefully  and  truly 
fixed  by  means  of  a  plumb  line,  in  a  good  light  and 
protected  from  sunshine,  rain,  and  winds.  Before  fixing, 
it  should  always  be  ascertained  if  the  vacuum  above  the 
mercury  is  true.  To  do  this,  unscrew  the  bottom  of  the 
cistern  until  the  mercury  is  2  or  3  inches  from  the  top, 
and  then  rather  suddenly  incline  the  instrument.  If  the 
vacuum  is  true,  the  mercury  strikes  against  the  top  of 
the  tube  with  a  sharp  click,  but  a  dull  sound  results  if 
air  is  present.  In  the  latter  case,  screw  up  the  bottom 
tightly,  turn  the  instrument  upside  down,  and  tap  the 
side  forcibly  until  a  bubble  of  air  is  seen  to  pass  through 
the  mercury  column  into  the  cistern.  Barometric  obser- 
vations   are    always    expressed   to   the   third   place    of 


I 


decimals;  and  isobarotnetric  lines,  as  shown  on  charts, 
indicate  areas  over  which  the  barometric  pressures  are 
identical.  If  the  isobars,  which  are  drawn  for  each 
^  inch,  are  close  together,  the  "  barometric  gradient " 
is  said  to  be  steep,  and  the  wind  velocity  will  be  high. 
In  this  country  the  diurnal  range  of  the  barometer  seldom 
exceeds  0-02  of  an  inch. 

The  aneroid  barometer  is  a  small  watch-shaped  metal 

H  box   from  which   the  air  has  been  exhausted,  and   in 

^  which  the  two  flat  surfaces  of  the  box  arc  kept  apart 

by  a  powerful  but  sensitive  spring.     The  atmospheric 

pressure  acts  upon  the  spring,  and  is  recorded  on  a  dial. 

_  This  instrument  is  chiefly  used  for  taking  altitudes.    The 

^  practice  is  to  read  the  aneroid  to  the  nearest  j^f,  inch 

both    at    the   commencement    and   at   the   termination 

■  of  an  ascent,  and  then  to  subtract  one  reading  from  the 
other  (ignoring  decimal  points),  and  multiply  the  differ- 
ence by  9,  this  giving  the  height  of  the  ascent  in  feet. 

^^      EitamfU. — 

^M  The  weight  of  a  cubic  foot  of  dry  air  at  33*  F.  and  30 
inches  of  mercury  is  566-85  grains.  As  air  expands  j^j- 
of  its  volume  for  every  degree  rise  F'ahrenheit,  the  volume 

^kat  60°  F.,  for  instance,  is  i  +  ^Jj  x  (60  —  32)  =  i"o57 
cubic  feet.  The  weight  is  inversely  as  volume;  conse- 
quently if  X  is  the  weight  of  a  cubic  foot  of  diy  air  at 

«         or  ^  =  5^5  =   53628 
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ng 

at  Mart 
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30-00 

inches. 
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900 
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1057 


J -057 


grair 


The  weight  of  a  cubic  foot  of  water  vapour  at  60*  F. 
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IS  577  grains.  Therefore,  the  added  weights  of  a  cubic 
foot  of  dry  air  at  60°  and  of  a  cubic  foot  of  vapour  at  60' 
are  536-28  +  577  =  542-05  grains.  But  dry  air  expands 
on  taking  up  moisture,  and  the  actual  weight  of  a  cubic 
foot  of  saturated  air  at  60°  is  53284  grains,  or  344  grains 
less  than  the  weight  of  an  equal  volume  of  dry  avj^ 
because  the  cubic  foot  of  originally  dry  air  now  occupies 
more  than  a  cubic  foot.  Tiiis  fact  explains  the  fall  of 
the  barometer  when  the  moisture  in  the  air  is  increasing 
and  a  fall  of  rain  is  imminent.     The  weight  of  a  cubic 


Fio.  38.— KoliinMjn'*  Anvniomctcr. 

foot  of  air  is  proportional  to  the  height  of  the  barometer. 
The  percentage  of  nitrogen  to  oxygen  in  tlie  air  is  by 
volume  nearly  79  to  21,  but  by  weight  it  is  77  to  23. 

RobinsoH's  Witid  Aiuwomcter  is  an  instrument  which 
records  the  velocity  of  the  wind.  The  figure  (39) 
sufficiently  explains  the  construction  of  the  instrument. 
The  revolving  cups  set  in  action  a  train  of  clockwork, 
and  the  velocity  of  the  wind  is  recorded  on  a  series  of 
dials.     The  cups  travel  at  a  rate  equal  to  only  one- third 


that  of  the  wind,  and  allowance  is  made  for  this  fact  in 
graduating  the  instrument.  The  square  of  the  velocity 
in  miles  per  hour,  multiplied  by  o'ooj,  gives  the  wind 
pressure  in  pounds  per  square  foot ;  and  on  the  otlier 
hand,  the  square  root  of  200  times  the  wind's  pressure 
gives  the  velocity. 

The  instrument  must  be  kept  clean  and  well  oiled, 
and  should  be  fixed  at  least  20  feet  from  the  ground, 
and  away  from  buildings.  The  average  velocity  of  the 
wind  is  from  six  to  eight  miles  per  hour. 

On  the  Beaufort  scale,  in  a  light  wind,  the  air  travels 


Fia.  40.— Ihuilell'ii  llygriiuietrr. 

at  a  rate  of  13  miles  per  hour;  in  a  moderate  breeze,  33; 
in  a  strong  breeze,  34 ;  and  in  a  gale  63. 

All  wind  direction  observations  by  vanes,  &c.,  should 
be  recorded  to  the  nearest  p>oint  of  the  compass. 

The  instruments  which  register  the  moisture  in  the 
atmosphere  are  known  as  hy^romtttn.  Of  these  there 
are  two  distinct  classes,  1.^.,  those  which  indicate  the 
dew  point  directly,  and  those  from  which  the  dew  point 
is  indirectly  ascertained. 

I     In  the  former  class  the  air  is  cooled  until  the  moisture 
is  deposited  on  a  bright'surface^ to. which  a  thermometer 


is  attached,  the  latter  indicating  the  temperature  of  the 
dew  point. 

In  Daniell's  hygrometer  (fig.  40)  ether  is  placed  in  tlie 
lower  bulb,  and  the  other  bulb  (which  contains  nothing 
but  ether  vapour)  is  covered  with  muslin  moistened  with 
ether.  This  ether  on  the  muslin  evaporates  into  the 
air,  and  the  loss  of  heat  so  occasioned  condenses  the 
ether  vapour  inside  the  bulb,  causing  evaporation  from 


I'Ki.  41.— RegnnulO  IlyKTometcr. 

the  ether  inside  the  other  (lower)  bulb.  The  lower  bulb 
thus  becomes  gradually  colder,  and  chills  the  air  sur- 
rounding it,  until  a  temperature  is  reached  at  which  the 
air  is  compelled  to  part  with  some  of  its  moisture,  which 
condenses  upon  the  bright  metal  band  surrounding  the 
bulb.  Directly  this  takes  place  the  temperature  of  the 
dew  point  is  read  off  from  the  attached  thermometer. 
The  temperature  at  which  the  dew  disappears  is  next 
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observed,  and  the  mean  between  these  two  temperatures 
is  taken  as  the  dew  point.  In  Regnault's  instrument 
(fig.  41)  one  cylinder  is  half  filled  with  ether,  and  tlie 
other  is  left  empty,  thermometers  being  inserted  in  both 
cylinders.  An  aspirator  communicates,  by  means  of  the 
hollow  upright,  with  both  cylinders,  and  when  this  is  put 


Kiii   ti  ~>VrC  Atiil  r>iy  Hiilb  iiygrunwlot. 

in  action  air  is  drawn  throuf^h  them.  The  passage  of 
the  air  through  tlie  evaporating  ether  soon  cools  it  down 
to  the  dew  point,  and  then  the  bright  metal  surface  sur- 
rounding  the  lower  part  of  the  cylinder  becomes  dulled 
with   moisture.      The    temperature    recorded    at   that 
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instant  by  the  thermometer  in  the  ether  is  the  tempera- 
ture of  the  dew  point,  tlie  second  thermometer  simply 
showing  the  temperature  of  the  air  at  the  lime  of  ob- 
servation. In  Dines'  instrument,  a  vessel  which  holds 
ice  water  has  a  briglit  metal  plate  with  an  attached 
thermometer  in  its  roof.  As  the  cold  water  is  made  to 
flow  under  the  plate,  the  outside  air  in  contact  witli  it 
becomes  chilled  ;  and  when  the  dew  point,  as  shown  by 
the  deposition  of  dew,  is  reached,  it  can  be  read  off 
from  the  attached  thermometer. 

Wet  and  Dry  Bulb  Ilygroiiuter. — This  instrument  con- 
sists of  two  absolutely  identical  thermometers  mounted 
on  a  stand.  In  the  wet  bulb  thcrmonieter  the  bulb  is 
kept  moist  by  being  covered  with  muslin,  one  end  of 
which  dips  into  a  small  vessel  of  distilled  or  rain  water, 
so  that  moisture  ascends  by  capillary  attraction.  The 
evaporation  of  moisture  from  the  wet  bulb,  which  takes 
place  so  long  as  the  surrounding  air  is  not  saturated, 
causes  loss  of  heat,  and  the  wet  bulb  reads  lower  than 
the  dry  bulb.  Both  the  vessel  containing  water  and  the 
wet  bulb  must  be  sufficiently  far  from  the  dry  bulb  to 
insure  that  the  readings  of  the  latter  are  not  affected  by 
the  evaporation,  The  instrument  must  be  exposed  in 
the  shade  and  protected  from  air  currents  and  direct 
sunshine,  both  of  which,  by  increasing  evaporation, 
would  cause  the  wet  bulb  thermometer  to  indicate  a 
temperature  not  strictly  due  to  the  hygrometric  state  of 
the  atmosphere.  If  the  muslin  becomes  frozen  in  the 
winter,  the  two  thermometers  will  read  the  same ;  then 
the  wet  bulb  should  be  brushed  over  with  cold  water, 
and  the  evaporation  which  will  go  on  from  the  frozen 
surface  will  enable  a  proper  reading  to  be  taken. 

From  the  readings  of  the  dry  and  wet  bulbs  can  be 
ascertained — the  relative  humidity  of  the  air,  i.e.,  the 
amount  of  moisture  present  iij  air,  expressed  as  a  per- 
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centage  of  the  amount  just  necessary  to  cause  satura- 
tion ;  tlie  dew  point,  i.e.,  the  temperature  at  which  the 
amount  of  moisture  actually  present  in  the  air  would 
cause  saturation;  and  the  weight  of  vapour  in  a  cubic  foot 
of  air,  from  which  can  be  deduced  the  additional  weight 
of  vapour  necessary  to  cause  saturation,  or  the  drying 
power  of  (he  air. 

The  relative  humidity  is  found  from  tables.  The 
greater  the  difference  between  the  dry  and  wet  bulbs, 
the  lower  is  the  relative  humidity.  If  the  dry  and  wet 
bulbs  record  the  same  temperature,  the  air  is  completely 
saturated  with  moisture. 

The  dew  point  can  be  determined  by  the  equation : 
dew  point  =  T^  -  F  (T^  — T,) ;  where  T^  is  the  dry  bulb 
temperature,  T,  the  wet  bulb  temperature,  and  F  the 
factor  opposite  the  dry  bulb  temperature  found  in 
Glaisher's  tables. 

In  De  Saussure's  instrument  {the  hair  hygrometer),  a 
hair  freed  from  fat  by  ether  is  fixed  at  one  end.  and 
this  hair  contracts  with  lesser  and  expands  with  higher 
degrees  of  humidity.  The  hair  is  kept  stretched  by  a 
small  weight,  the  connecting  cord  of  which  is  led  round 
a  pulley ;  and  un  index  needle  attached  to  the  pulley 
indicates  the  relative  humidity  on  an  empirically 
graduated  scale  of  relative  humidities.  The  instru- 
ment is  standardized  by  first  wetting  the  hair  and 
noting  whether  it  accurately  registers  saturation  on  the 
scale  (i.r.,  loo);  but  it  is  necessary  to  frequently  verify 
the  readings  by  other  methods. 

The  "elastic  force  of  vapour,"  or  "the  tension  of 
aqueous  vapour,"  is  the  amount  of  the  barometric  pres- 
sure which  is  due  to  the  vapour  of  water  in  the  atmo- 
sphere. If  the  temperature  of  the  air  is  lowered,  and 
with  it  the  tension  of  aqueous  vapour,  a  temperature 
will  sooner  or  later  be  reached  at  which  the  air  is  satit 
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rated  with  moisture;  and  then  the  slightest  further 
reduction  in  temperature  will  cause  a  deposition  of  dew 
("dew  point").  The  tension  of  aqueous  vapour  is 
ascertained  from  tables  or  by  formula.  The  relative 
humidity  can  be  calculated  by  dividing  the  elastic  force 
of  aqueous  vapour  at  the  temperature  of  the  dew  point 
by  the  elastic  force  of  the  aqueous  vapour  at  the  tem- 
perature of  the  air,  and  then  multiplying  by  100. 

ExampU. — The  diy  bulb  temperatnre  is  62°  F.,  and  that  of  the  wet 
bulb  is  56°  F.    The  dew  point  is  therefore 

62-  {(62-56)  X  1-86}  =5084°  F. 

The  aqaeoQS  tension  at  62°  F.  is  (from  GUisher's  tables)  0'5s6  of 
an  inch  of  mercury,  and  that  at  50*84°  F.  is  0*372  of  an  inch.    The 

relative  humidity  is,  therefore,  ^-^  x  100 =66-0  percent,  of  satura. 

0556 

tion. 

Atinometers,  for  determining  the  amount  and  rate  of 
evaporation,  have  been  devised.  In  these  instruments 
a  known  volume  and  weight  of  water  is  exposed  in  a 
receptacle,  so  as  to  present  a  known  surface  area  to  the 
atmosphere;  and  the  evaporation  in  a  given  time  is 
determined  by  the  loss  either  in  volume  or  in  weight  of 
the  original  water. 

The  weight  of  moisture  which  a  cubic  foot  of  dry  air 
can  take  up,  before  it  is  saturated,  varies  with  the  tem- 
perature. The  higher  the  temperature,  the  larger  is 
the  amount  of  vapour  required,  as  the  following  table 
shows : — 


Grains  op  Vapour  to  saturate  a  Cubic  Foot  of  Dry  Air 
(Approximate). 


30°  F.  2  grains 

66°  F. 

7  grains 

80°  F.  II  grains 

4«°  F-  3      .. 

70°  F. 

8      ,. 

83°  F.  12      „ 

49°  F.  4      .. 

74°  F. 

9      .. 

86°  F.  13      .. 

56°  F.  5       .. 

77°.F. 

10      „ 

88°  F.  14      „ 

6."  F.  6      „ 
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If  the  relative  humidity  at  6i°  F.  is  70,  the  amount  of 
vapour  in  a  cubic  foot  is  70  per  cent,  of  saturation,  or 
^  of  6  =  4'2  grains;  and  the  drying  power  of  a  cubic] 
foot  of  the  air  is  6  —  4  2  =  i'8  grains. 

Rain   Gauge.— This  instrument   consists   of  a    vessel 
supporting  at  its  top  a  circular  funnel  which  collects  thej 
rainfall.      The   vessel    must    be   sunk  in  level  ground, 
away  from  shrubs  and  buildings,  to  such  a  depth  that 


Flu.  <.r— Rain  Oknge. 

the  collecting  surface  is  one  foot  from  the  ground.     AJ 
measuring  glass  graduated  according  to  the  area  of  th< 
funnel,  so  as  to  indicate  the  fall  of  rain   as  decimals  of 
an  inch,  is  rcquirf<l.    The  area  of  the  top  of  the  circular 
funnel   (the   receiving   surface  for  the  rain)  is  usually 
50  sijuarc  inches.     To  graduate  the  measuring  glass  fo 
a    funnel   of  this   area,   30  cubic    inches  of  water  ar 
poured  into  it,  and  a  mark  placed  at  the  level  the  flui^ 


stands  at.  The  glass  below  is  then  divided  into  loo 
equal  parts,  so  that  each  division  indicates  a  fall  of 
o-oi  inch  of  rain.  The  readings  are  generally  taken 
daily  at  g  a.m. 

In  time  of  snow,  melt  tlie  collected  snow  by  adding 
a  measured  quantity  of  warm  water  to  it,  and  express 
the  extra  water  derived  from  the  snow  as  rain  water. 
The  average  depth  of  the  adjacent  snow  should  also 
be  noted. 

In  Crosley's  self-registering  rain  gauge  every  ^^^ 
inch  of  rainfall  is  recorded  on  a  dial.  The  rainfall 
collected  gradually  fills  one  compartment  of  a  small 
bucket  divided  into  two  compartments,  and  balanced 
on  a  pivot.  When  one  comparln)ent  is  full,  the  bucket 
tips  and  causes  an  index  to  record,  and  the  second 
compartment  then  commences  to  fill. 

At  32'  r.  I  cubic  foot  of  dry  air  can  only  hold  2- 13 
grains  of  moisture,  whereas  at  100°  F.  :9'84  grains  can 
be  taken  up.  Hence,  when  warmer  air,  already  moisture 
laden,  is  chilled,  the  moisture  representing  the  difference 
between  what  it  originally  held  and  what  it  is  capable  of 
holding  at  the  reduced  temperature  is  deposited  in  the 
form  of  dew  or  rain. 

Aqueous  vapour  requires  free  surfaces  for  its  condensa- 
tion. When  air  is  filtered,  no  cloud  of  condensed  vapour 
can  be  formed.  "Wet  fogs''  result  when  the  particles  of 
suspended  matter  are  relatively  few  and  the  condensed 
moisture  excessive,  whereas  "  dry  fogs  "  occur  when  the 
smoke  and  dust  are  relatively  abundant.  When  the 
films  of  moisture  are  discoloured  by  the  products  of  coal 
combustion,  a  yellow  or  "pea  soup*  fog  will  result. 

The  death  rate  generally  increases  as  a  result  of  town 
fogs,  and  tiie  increase  is  ascribed  to  the  irritating  effects 
of  the  impurities  in  the  atmosphere,  causing  bronchitis, 
&c.,  and  to  the  sudden  fall  of  temperature  which  takes 
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place  on  the  occurrence  of  the  fog.  Fogs  lead  to  a  con- 
siderable loss  of  that  important  element,  sunshine,  in  our 
great  towns :  for,  as  a  rule,  when  the  town  is  enveloped 
in  fog  there  is  a  cloudless  sky  above. 

Clouds  consist  of  collections  of  condensed  aqueous 
vapour.  The  principal  forms  which  they  assume  are: 
(i)  The  cirrus,  consisting  of  separate  fine  feathery  for- 
mations, generally  white  in  colour ;  (2)  the  stratus, 
consisting  of  a  smooth  horizontal  stratum  of  cloud; 
(3)  the  nimbus,  constituting  the  raining  clouds,  of 
dark  coloured,  irregular  forms ;  and  (4)  the  cumulus, 
or  heavy,  thick,  well  de.fined  clouds,  generally  rounded 
off  in  shape.  Two  or  more  of  these  four  principal 
forms  may  be  mi-xed  together,  giving  rise  to  appear- 
ances which  are  defined  as  "cirro-stratus,"  "cirro- 
cumulus,"  "slrato-cumulus,"  "cumulo-nimbus,"  &c. 

Thtrmotnctcrs  measure  the  temperature  by  the  amounts 
of  expansion  and  contraction  of  certain  bodies  when 
these  are  exposed  to  varying  degrees  of  heat  and  cold. 
Mercury  is  commonly  employed,  because  of  its  very  low 
freezing  point  (  —  38'  F.)  and  its  high  boiling  point 
(675"  F.) ;  but  alcohol  is  preferred  where  very  low  teiii- 
{>eratures  may  liave  to  be  recorded,  because  it  does  not 
freeze  at  the  greatest  known  degree  of  cold. 

The  instruments  arc  graduated  from  the  fixed  points 
of  freezing  and  boiling  water,  by  plunging  them  into 
melting  ice  und  bulling  water,  res()cctively,  .it  the  stan- 
dard pressure.  (.)n  the  Centigrade  scale  the  freezing 
and  boilmg  points  arc  o"  and  100'  respectively,  while  on 
the  Fahrenheit  scale  the  freezing  {wint  is  33*  and  the 
boiling  point  aia";  therefore,  to  convert  Centigrade  to 
Fahrenheit,  multiply  the  former  figure  by  J  and  add  33, 

tile  to  convert  I'ulireuheit  to  Centigrade  subtract  3a 
find  then  multiply  by  £. 

Maximum  thtrmemtUn  are   instruments   designed    to 
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register  the  highest  temperature  reached  during  the 
period  of  exposure  of  the  instrument;  in  these  the  tem- 
perature is  registered  by  mercury.  The  registration  is 
eflfected  by  either  breaking  the  cohimn  of  mercury  by  an 
air  bubble,  or  by  a  slight  narrowing  of  the  lube  near  the 
bulb.  In  either  case  the  natural  cohesion  of  the  metal 
when  contracting  is  overcome,  and  the  mercury  always 
remains  at  the  highest  point  reached.  Another  method 
is  to  insert  a  small  piece  of  solid  glass  enamel  in  the 
bend  near  the  bulb  ;  this,  acting  as  a  valve,  allows  the 
mercury  fo  pass  on  one  side  of  it  as  it  expands,  but  does 
not  allow  it  to  return  on  cooling.  In  hanging  a  maxi- 
mum thermometer,  it  is  necessary  to  see  that  the  end  of 
the  tube  fuithest  from  the  bulb  is  slightly  inclined  down- 
wards, to  assist  in  preventing  the  return  of  any  portion 
of  tiie  column  of  mercury  into  the  bulb  on  a  decrease  of 
temperature,  Before  reading  tiie  instrument,  the  end 
furthest  from  the  bulb  should  be  gently  elevated  to  an 
angle  of  about  45". 

Minimum  tJurmonutcrs  record  the  lowest  temperature 
reached.  They  are  alcohol  instruments,  with  an  index 
in  the  alcohol  (Rutherford's)  which  moves  with  the  spirit 
on  contraction  by  cold,  owing  to  capillary  attraction,  but 
not  on  expansion,  and  is  therefore  left  registering  the 
lowest  temperature.  The  end  of  the  index  furthest  from 
the  bulb  indicates  the  minimum  temperature.  Occasion- 
ally air  bubbles  appear  in  the  alcohol  and  fix  the  index. 
They  can  be  removed  by  holding  the  thermometer  with 
the  bulb  downwards,  and  swinging  it  round  rapidly  at 
arm's  length.  These  instruments  should  be  hung  so  that 
the  bulb  end  is  :  inch  lower  than  the  other  end,  because 
then  the  index  is  less  likely  to  be  affected  by  a  rise  in 
temperature. 

The  so-called  '■'earth"  thermomeUr  is  a  maximum 
thermometer  which  is  suspended  by  a  chain  in  a  stout 
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iron  tube,  5  feet  long,  which  is  provided  with  a  pointed 
metal  cap.  By  this  means  the  temperature  of  the  earth 
at  depths  up  to  nearly  5  feet  can  be  ascertained.  In 
taking  an  observation  the  thermometer  must  be  quickly 

^ drawn  up  and  read. 
In  Six's  thermometer  (fig.  44)  there  is  a  U-tube,  the 
middle  part  of  which  is  occupied  by 
/^Mfct           mercury.      The    bulb    {a)    and    both 
aHQijHl          tubes    above    the     mercury    contain 
^L  ^Sf/Wf           alcohol,  in  which  are  two  steel  indices, 
.11 8y lyS-^          which    are    brought,   by   means   of  a 
^p»,^B^/         magnet,  to  rest  upon  either  column 
"■■               of  mercury;  and  i  is  a  small  chamber 
containing  air.     On  a  rise  of  tempera- 
ture,  the   alcohol,   expanding   in   the 
bulb  (a)  depresses  the  mercury  level 
in   one   arm,    and  therefore   raises   it 
in  the  other,  the  maximum  tempera- 
ture l>eing   indicated   by   the   position 
reached  by  the  lower  end  of  the  index. 
Conversely,  as  the  temperature    falls 
the  alcohol  in  the  bulb  contracts,  and 
the  pressure  of  the  air  in  the  cham- 
ber b  depresses  the  mercury  level  in 
the    arm    immediately   beneath,    and 
therefore  raises  the  mercury  level  in 
the    other    arm,    in    which  the  index 
then     registers    the    lowest    temperature    expciienced. 
Thus,  in  the   arm   c   maximum   temperatures    arc    re- 

tgislerecl,  and  in  the  arm  d  minimum  temperatures. 
\  barograph  and  a  thermograph  arc  instruments  which 
furnish  a  record  of  the  barometric  pressure  and  of  the 
temperature  for  the  whole  twenty-four  hours  of  the  day 
and  night.  The  records  are  traced  on  slowly  revolving 
drums  worked  by  clockwork.     The  instruments  require 
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repeated  standardizing.  In  the  recording  aneroid  baro- 
meter the  fluctuations  of  atmospheric  pressure  act  upon 
a  series  of  aneroid  vacuum  chambers,  a  sensitive  index 
attached  to  the  latter  recording  the 
results.  In  one  form  of  thermograph 
the  record  is  continuously  marked  by 
an  index  attached  to  a  delicate  meta! 
spring,  the  expansion  and  contraction 
of  which  is  dependent  on  the  atmo- 
spheric temperature. 

Isocheimenal  lines  are  lines  drawn 
through  districts,  as  shown  on  a 
chart  or  map,  having  the  same  winter 
temperature;  and  isothermal  lines 
similarly  indicate  districts  with  the 
same  mean  annual   temperatures, 

Shade  maximum  and  minimum  ther- 
mometers should  be  placed  horizontally 
in  the  shade,  or  in  a  Stevenson's  louvred 
box,  4  feet  above  the  ground  and  at 
least  20  feet  away  from  buildings  or 
other  sources  of  radiation. 

The  vacuum  solar  radiation  thermometer 
(fig.   45)    is    a    mercurial    maximum 
self-registering     instrument,    with     a 
blackened    bulb,    which   absorbs   the 
sun's  rays.      It  is  placed  in   a  glass 
case   from   which   air    is    exhausted, 
thus  protecting  the  bulb  from  loss  of 
heat,  which  would  ensue  if  tin.-  bulb 
were  exposed,  owing  to  atmospheric  fio.  i2.-.'<..inr  K.a<iia- 
currents  and  the   absorption  of  heat      "••"  I'lH-rmometer. 
by  aqueous  and  other   vapours.      This   instrument   is 
placed  4  feet  above  the  ground,  and  is  directly  exposed 
to  the  sun's  rays.     The  bulb  should  point  south-east 
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in  this  country.  The  diflference  between  the  maxima' 
in  the  sun  and  in  the  shade  is  a  measure  of  solar  radia- 
tion, or  of  the  power  of  the  sun's  rays. 

Other  instruments  which  may  be  found  useful  are : — 
A  terrestrial  radiation  thermometer,  which  is  merely  a  mini- 
mum shade  thermometer  placed  close  to  the  ground, 
the  bulb  resting  on  grass— the  difference  between  this 
minimum  temperature  and  the  air  minimum  in  the 
shade  being  taken  as  the  amount  of  terrestrial  radia- 
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tion ;    a  sunshine  recorder  (Campbell-Stokes'  fig.  46),  a 
little  instrument  by  which  the  rays  of  the  sun  are  con- 
centrated on  to  a  strip  of  millltoard  stretched  in  a  frame 
at  the  proper  focal  distance  fnim  a  large  spherical  lens. 
When  the  sun  shines,  a  charred  line  is  burnt  in  the  | 
millboard,   and    when    hidden    by  clouds    the  record^ 
ceases.      Results  are   best   expressed   as  a   percentage  < 
of  the  possible  sunshine ;   ia.,  if  the  sun  is  above  the 
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horizon  ten  hours,  and  the  record  is  but  one  hour,  the 
sunshine  equals  10  per  cent,  of  the  possible  amount. 

Jordan's  instrument  is  a  sunlight  rather  than  a  sun- 
shine recorder.  By  this  instrument  a  straight  line  of 
sunlight  is  recorded  on  sensitive  cyanotype  paper  placed 
in  two  semicircular  dark  chambers.  The  sunlight,  being 
admitted  through  small  apertures  in  the  sides,  travels 
over  the  sensitive  paper  or  chart  by  reason  of  the  earth's 
rotation,  and  leaves  behind  a  record  of  the  duration  of 
sunshine  and  the  relative  degrees  of  its  intensity.  The 
instrument  must  be  carefully  adjusted  to  the  meridian 
and  to  the  latitude  of  the  place.  To  this  end  the  base 
plate  of  the  instrument  must  be  inclined  until  the  index 
points  to  the  divisions  on  the  arc  corresponding  to  the 
latitude  of  the  station ;  then  turn  the  instrument  until  it 
faces  due  south,  taking  care  that  the  base  is  perfectly 
level.  When  the  sun  is  on  the  meridian,  the  sunshine 
passing  through  the  apertures  should  fall  on  the  chart 
line  indicating  twelve  o'clock.  One  box  takes  the 
records  for  the  forenoon,  and  the  other  for  the  after- 
noon, thus  enabling  the  charts  to  be  changed  without 
interfering  with  a  continuous  record. 

Atmospheric  Electricity. 

The  atmosphere  is  charged  with  electricity,  which  is 
chiefly  positive  in  fine  weather  and  negative  in  wet. 
The  sources  of  this  electricity  are : — (i)  Vegetation, 

(2)  evaporation  from  water  containing  salts  in  solution, 

(3)  the  unequal  distribution  of  heat,  leading  to  (4) 
atmospheric  friction,  and  (5)  combustion  at  the  earth's 
surface  (giving  off  positive  electricity).  Vegetation  fur- 
nishes electricity  by  the  evaporation  of  moisture,  and 
by  the  giving  off  of  CO,  and  O  charged  with  positive 
electricity. 
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When  clouds  charged  with  different  electricities  (posi- 
tive and  negative)  approach  each  other,  a  thunderstorm 
results.  The  heat  generated  along  the  track  of  an  elec- 
tric discharge  causes  the  "  lightning,"  and  the  thunder 
probably  results  from  the  sudden  expansion  of  the  air 
consequent  upon  tlie  lightning,  and  the  subsequent  in- 
rush of  air  to  restore  the  resulting  partial  vacuum. 

Lightning  rods  are  generally  of  iron,  of  about  t  inch 
in  diameter,  and  pointed  with  copper.  They  are  care- 
fully insulated,  one  end  being  buried  in  the  ground. 
They  must  be  fixed  at  a  distance  from  any  of  the  metal 
pipes  of  a  building. 
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CHAPTER  VII. 
EXERCISE  AND  CLOTHING. 

Exercise. 

The  effects  of  exercise  on  the  body  are  as  follows  : — 

I.  Increased  force  and  frequency  of  the  heart's  action, 
and  the  increased  circulation  of  the  blood  through  all 
parts  of  the  body.  2.  The  pulmonary  circulation  being 
quickened,  more  carbonic  acid  and  water  are  taken  to 
the  lungs  and  eliminated.  The  amount  of  air  inspired 
and  expired  is  largely  increased,  and  the  oxygenation  of 
the  blood  is  consequently  accelerated.  3.  The  action 
of  the  skin  is  heightened,  and  perspiration  becomes 
marked,  large  quantities  of  sweat  being  poured  out  of 
the  sweat  glands.  The  evaporation  of  the  sweat  from 
the  surface  of  the  body  regulates  the  temperature  and 
prevents  any  rise  above  the  normal.  4.  The  water  and 
salt  of  the  urine  are  decreased  owing  to  the  large 
cutaneous  secretion,  but  the  nitrogen  (in  the  form  of 
urea,  uric  acid,  and  extractives)  is  unaffected.  In  the 
period  of  rest  following  excessive  exercise,  the  nitrogen 
elimination  may  be  slightly  increased.  5.  The  volun- 
tary muscles  are  brought  into  active  play  ;  the  circula- 
tion of  the  blood  through  them  is  accelerated ;  waste 
products  are  rapidly  carried  away  for  excretion ;  whilst 
the  material  for  new  tissue  is  brought  to  them. 
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It   is  tlius  seen  that  exercise,  which  means  mnscii 
action,  involves  more  rapid  comlmstion,  as  shown  by 
the  increased  elimination  of  carbonic  acid  and  water^ 
Thirst  and  appetite  are  created,  and  water  and  carbon- 
aceous foods  are  taken  to  supply  the  waste ;  whilst  an 
increased  amount  of  nitrogenous  food,  during  or  aft 
periods  of  exercise,   is   necessary,  first   to   enable    lb 
muscles  to  enlarge  and  harden,  and  secondly  to  replao 
the  waste  caused  by  the  nitrogenous  tissues  performing 
their  function  of  regulating  oxidation. 

Regular  exercise  in  the  open  air  is  most  essential  to^  ■ 
brain  workers,  to  purify  the  blood  from  waste  matters^H 
and  to  stimulate  the  action  of  the  bowels.  ^^ 

.•\fter  active  exercise  the  body  should  be  well  washed 
with  soap  and  water  to  remove  the  secretion  from  tha^| 
sweat  and  sebaceous  glands,  which,  if  left  on  to  dry,^^ 
becomes  mixed  with  shed  epidermic  scales  from  the 
scarf  skin,  and  renders  the  skin  not  only  dirty,  but  als<i^| 
damp,  from  the  excess  of  common  salt  in  the  swe.tt^l 
which  absorbs  moisture  from  the  air.  The  damp  skiq^| 
causes  surface  cooling,  and  often  gives  rise  to  a  danger^H 
ous  internal  chill.  ^M 

I  f  the  exercise  is  too  severe  the  heart  is  overstrained^! 
breath Icssncss  and  palpitation  are  brought  on,  and  th^H 
pulse  becomes  small,  very  frequent  and  irregular.  Pro^^ 
longed  exertion  of  a  severe  kind  thus  tends  to  caus^H 
cardiac  pain  and  palpitation,  and  may  give  rise  tl^M 
hypertrophy  of  the  left  ventricle,  if  the  over-exertion  i^H 
habitual.  Rupture  of  blood-vessels  from  ovcr-excrtio^H 
is  uncommon  before  middle  life.  The  muscles,  includ^^ 
ing  the  cardiac  muscle,  rerjuire  rest  to  get  rid  of  th^H 
accumulated  products  of  their  action  (possibly  lacti^H 
acid),  and  to  take  in  a  fresh  store  of  oxygen.  Withoaj^^ 
definite  perio<ls  of  rest  suited  to  the  kind  of  cxercis^^^ 
(he  tnusclcs  become  exhausted,  and  their  contraction^! 
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are  gradually  enfeebled,  until  they  cease  altogether. 
The  diastole  of  the  heart  is  quite  sufficient  for  its  re- 
cuperation when  the  body  is  at  rest. 

The  diet  of  men  in  training  should  differ  little,  if  at 
all,  from  an  ordinary  diet.  The  amount  of  fat  and 
nitrogenous  food  may  be  somewhat  increased  out  of  the 
usual  proportion  to  the  carbohydrates  ;  but  to  deprive 
men  of  bread,  potatoes,  and  vegetables,  and  to  feed  them 
on  half-raw  beefsteaks — as  was  formerly  so  largely  done 
— is  a  ready  means  of  causing  the  "  staleness"  so  well 
known  to  trainers.  Plenty  of  water,  in  small  quantities 
at  a  time,  should  be  allowed  as  the  system  demands. 
After  a  few  days  of  training,  excessive  thirst  and  exces- 
sive sweating  disappear,  and  the  right  balance  between 
income  and  outcome  of  fluid  is  quickly  struck.  The 
capacity  of  the  chest  and  the  elasticity  of  the  lungs  and 
chest  walls  are  notably  increased  by  regulated  training, 
especially  by  training  for  rowing. 

From  numerous  observations  it  has  been  deduced  that 
an  ordinary  day's  physical  work  for  a  healthy  man  is 
equivalent  to  300  tons  raised  1  foot  {foot  tons).  This  is 
an  amount  of  work  which  can  be  sustained  day  after 
day  without  loss  of  weight  and  without  inconvenience. 
Work  represented  by  over  400  foot  tons  daily  cannot  be 
kept  up  unless  the  diet  is  much  increased,  and  even  then 
there  is  likely  to  be  loss  of  weight  and  muscular  vigour. 
It  has  been  shown  that  a  man  walking  on  a  level  surface 
at  the  rate  of  three  miles  per  hour  does  work  equivalent 
to  raising  his  own  weight,  plus  the  weight  he  carries,  a 
height  equivalent  to  one-twentieth  the  distance  walked. 
At  quicker  rates  of  speed  this  "coeflicient  of  traction  " 
more  nearly  approaches  unity ;  thus,  at  four  miles  an 
hour  it  is  between  one-sixteenth  and  one-seventeenth, 
and  at  eight  miles  per  hour  the  co-efficient  is  barely 
one-tenth. 
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The  following  formula   is   useful  for   estimating   the 
amount  of  work  done  by  a  man  in  walking: — 


I 


Let  W    =  weight  of  the  man, 

W  »  weight  he  carries, 

D     =>  distance  walked  in  miles, 

C     =  co-efficient  of  traction  (^  at  three  miles  an  hour). 

'then   (W^-W)  X  Dxs.aSo  ^  j^^^  pounds  done  in  walking  the  di«- 

20 

tance  D  at  three  mile*  an  hour.  This  number  divided  by  2,240  (the 
number  of  pounds  in  a  ton)  gives  foot  tons  ;  or  generally  the  formula 
may  be  expressed  : — 

t(W-t.W)xDx5.a8o^  C  =  foot  Ions. 
a.140 


About  seventeen  miles  at   three  miles  an  hour,  for  a 
]an  weighing  150  pounds  and  carrying  no  weight,  is  an 
iverage  day's  work  of  300  foot  tons. 

Clothing. 


The  ordinary  garments  of  civilized  life  are  made 
either  of  one  or  a  mixture  of  two  or  more  of  the  follow- 

Iing  materials  : — Cotton  and  linen  from  the  vegetable 
kingdom  ;  wool  and  silk  from  the  animal  kingdom. 
Cotton  materials  have  a  smooth,  fine  texture,  but  not 
equal  in  these  respects  to  linen.  Under  the  microscope 
cotton  is  seen  to  consist  of  flattened  fibres  with  well- 
marked  twists  in  their  course.  There  are  no  joints  or 
nodes,  and  no  branching  fibres  (fig.  47). 

Cotton  garments  are  durable,  and  do  not  shrink  in 
washing.  They  arc  non-absorbent,  and  rapidly  conduct 
away  heat ;  hence  cotton  is  the  wrong  material  for 
undergarments,  for  it  soaks  up  the  perspiration  and 
becomes  wet,  and  the  moisture  is  rc-evaporated,  caus- 
ing a  chill  to  the  surface  of  the  body.  The  heat  of  the 
IxKiy  is  not  retained  by  cotton,  but  is  rapidly  dissi- 
pated.    .\  novel  material  called  "cellular"  cotton  cloth 
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Cotton  materials  are  preferable  to  woollen  for  the  outer 
clothing  of  sick  and  hospital  nurses,  as  organic  matters 
in   the  air  cling  far  less  easily  to  cotton  than  to  wool, 
and  they  are  more  readily  cleaned. 
Lintn  materials  have  a  very  fine,  smooth,  and  close 
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texture.  Under  the  microscope  the  fibres  of  linen  are 
seen  to  be  cylindrical  and  jointed,  with  minute  branch- 
ing filaments  at  intervals  (fig.  48).  These  latter  are  the 
elementary  fibres  of  which  the  main  fibre  is  comjxjscd. 
Linen  is  a  good  conductor  of  heat  and  a  bad  absorbent 
of  moisture,  like  cotton,  and  is  even  an  inferior  material 
for  underclothing. 

Wool  forms  a  valuable  material  for  clothing.     Under 

fthe  microscope  the  fibres  (fig.  49)  are  seen  to  be 
rounded,  colourless  (unless  dyed),  with  fine  cross- 
markings,  and  reticulations  in   the    border  at  the  site 

lof  the  cross-markings.    There  is  a  central  longitudinal 
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canal,    but    it    is    generally    obliterated.      The   cross- 
markings  and  reticulations  are  best  seen  in  new  wool. 
When  the   fibres  are  old   and  worn,  they  are  not  so 
^distinct. 

H  Wool  is  an  extremely  bad  conductor  of  heat,  and  is 
Hvciy  absorbent  of  water  and  moisture,  hence  its  value  as 
^U  material  for  underclothing.  Being  a  nonconductor, 
^Phvooi  is  warm  by  prcvcntmg  the  dissipation  of  the  l)odily 
heat.  Its  nonconducting  properties  arc  partly  due  to 
the  wool  fibres  themselves,  which  contain  an  animal  oil 
lia  their  substauce,  and  partly  to  the  air  entangled  in 
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their  interspaces.  After  exercise  causing  perspiration, 
the  moisture  is  absorbed  and  retained  by  the  wool,  and 
the  vapour  is  condensed,  thus  giving  back  to  the  body 
the  heat  rendered  latent  by  evaporation  from  tlie  sur- 
face of  the  skin.  A  woollen  garment  after  exercise  is 
therefore  warm  and  dry,  and  prevents  the  chilling  of 
the  surface  from  the  lowering  of  the  temperaUire  by 
evaporation,  which  is  so  dangerous.  In  hot  climates 
especially,  wool  should  be  worn  next  the  skin  to  ward 
off  those  chills  which  arc  so  often  the  forerunners  of 
dysentery,  diarrhoea,  and  ague. 

The  disadvantages  of  wool  arc  the  hardening  and 
shrinkage  the  fibres  undergo  when  frequently  washed 
(especially  where  soda  and  strong  soaps  are  used),  and 
the  loss  of  absorbency  resulting  therefrom.  The  wool 
fibres,  being  hygroscopic,  readily  absorb  organic  vapours 
and  dirt  from  the  body,  so  that  woollen  uudergarmcnls 
require  frequent  but  careful  washing.  They  should  be 
washed  in  soft  cold  or  tepid  water,  with  mild  soap 
without  soda,  and  should  not  be  much  wrung  out. 
Flannel,  which  is  a  woollen  material,  is  also  often  found 
to  be  too  irritating  to  be  worn  next  to  a  delicate  skin. 

It  has  lately  been  discovered  that  the  addition  of  a 
little  kerosene  or  paraffin  to  the  soap  used  for  washing 
clothes  facilitates  the  removal  of  dirt,  as  less  rubbing 
and  wringing  of  the  clothes  are  then  required  ;  but  the 
clothes  must  be  well  rinsed  after  the  washing  and  aired 
out  of  doors,  or  a  slight  odour  of  kerosene  (when  kerosene 
soap  is  used)  is  retained  in  the  fabrics.  The  paraffin 
soaps  are  free  from  this  defect.  The  grease  and  dirt 
cannot  be  removed  from  clotlies  (any  more  than  from  the 
skin,  owing  to  the  fatty  secretion  from  the  sebaceous 
glands  at  the  roots  of  the  hair  follicles)  by  merely  wash- 
ing in  water  without  the  use  of  soap.  The  alkali  of  the 
eoap  combines  with  the  grease  and  emulsifies  it,  whereby 
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it  is  easily  washed  off;  whilst  the  fatty  acid  prevents  the 
too  great  removal  of  the  oil  from  the  wool  fibres,  and  the 
deterioration  of  the  fahric.  Cheap  soaps,  containing  an 
excess  of  alkali,  are  bad  for  the  skin,  for  it  is  rendered 
over  dry  and  loses  suppleness  by  excessive  removal  of 
sebaceous  secretion ;  and  they  are  also  injurious  to 
woollen  fabrics  by  carrying  away  the  animal  oil  con- 
tained in  the  fibres. 


rio.  M— silk  Pibrea ( > aboat »0). 


^ 


Fio.  M.— Bcnip  Fibras  ( <  aboot  100). 

In  merino,  wool  and  cotton  are  mixed  in  varying  pro- 
portions. "  Shoddy  "  is  old  used  and  worked  up  wool 
and  cloth. 

Silk  (fig.  50)  is  a  bad  conductor  of  heat,  but  is  less 
absorbent  than  wool.  It  presents  some  advantages  for 
underclothing,  as  it  is  more  cleanly  and  shrinks  less 
than  wool,  and  is  less  irritating  to  the  skin  ;    but  it  can- 
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not  hold  perspiration  like  wool.  It  is  expensive,  and  is 
less  durable  than  cotton  or  merino. 

Leather  and  Waterproof  Material. — These  are  invaluable 
for  exposure  to  very  cold  bleak  winds  and  rain.  Leather 
is  the  more  suitable  for  very  cold  climates.  Being  im- 
permeable, they  are  extremely  warm,  but  this  imper- 
meability prevents  the  ventilation  and  renewal  of  the 
layers  of  air  confined  under  the  clothing  near  the  skin. 
The  discomfort  that  arises  from  the  wearing  of  water- 
proofs in  warm  weather  is  well  known. 

In  hot  climates  the  outer  garments  should  be  white 
or  gray  in  colour  to  protect  from  the  direct  rays  of  the 
sun. 

At  the  two  extremes  of  life — in  childhood  and  old  age 
— warmth  of  coshering  is  most  essential.  Children  lose 
heat  rapidly  and  are  liable  to  chill,  partly  because  the 
circulation  being  rapid,  more  blood  is  carried  in  a  given 
time  to  the  superficial  vessels,  and  more  heat  is  thus 
radiated  from  the  surface,  than  in  an  adult ;  but  mainly 
because  in  children  the  surface  of  the  body  is  larger  in 
proportion  to  its  bulk  or  contents  than  is  the  case  in 
adults, 

Chiliiren  should  be  clothed  in  woollen  materials,  and 
the  legs,  arms,  neck,  and  chest  should  be  equally  pro- 
tected with  the  other  parts  of  the  body. 

In  old  age  the  circulation  is  often  feeble  and  languid, 
and  the  functions  of  heat  production  and  regulation  are 
less  efficiently  performed  than  before  senile  decay  com- 
menced. Consequently,  if  the  body  is  chilled,  the 
restoration  to  the  normal  beat  is  slow,  and  the  vital 
functions  are  dangerously  depressed. 

Aniline  dyes  are  now  largely  used  for  colouring  vari- 
ous dress  materials  and  under  garments,  such  as  stock- 
ings. As  a  rule,  the  dyes  used  are  free  from  arsenic  ; 
but  it  has  occasionally  happened  that  eczematous  sores 
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aave  been   produced  on  the  feet  and  legs  by  wearing 

stockings,  and  there  can  be  but  little  doubt   that 

the  sores  were  due  to  the  action  of  arsenic  on  the  skin 

•  when  the  feet  were  hot  and  damp. 
A  good  material  for  clothing  purposes  must  meet  the 
following  requirements  : — 

1.  It  must  afford  proper  protection  to  the  body  against 
cold  and  heat,  so  as  to  assist  in  preserving  it  at  a  proper 
uniform  temperature  in  winter  and  summer  alike. 

2.  It  should  interfere  as  little  as  possible  with  the 
natural  functions  of  the  skin. 

3.  It  must  exert  no  irritating  or  poisonous  effects 
upon  the  skin. 

■  Clothing  is  warm  in  proportion  to  its  capacity  for  re- 
taining  the  natural  heat  of  the  body,  and,  therefore,  the 
materials  which  are  the  worst  conductors  are  the 
warmest.  Arranged  in  the  order  of  their  warmth,  the 
materials  in  common  use  are  : — Wool,  fur  and  down, 
silk,  cotton,  and  linen.  But  the  warmth  of  an  article 
of  clothing  also  depends  upon  certain  other  subsidiary 
circumstances.  Thus,  the  colour  of  the  most  external 
clothing  is  important,  black  absorbing  more  of  the  heat 
from  external  sources  that  any  other  colour,  and  white 
the  least  of  all.  The  order  in  which  the  different  colours 
absorb  heat  is  as  follows: — Black,  dark  blue,  light  blue, 
dark  green,  turkey  red,  light  green,  dark  yellow,  pale 
Straw,  and  white.  The  degree  of  porosity  of  the  article 
Balso  affects  its  warmth,  for  the  small  spaces  are  occupied 
Hter  sir,  which  is  a  bad  conductor  of  heat ;  flannel  is  the 
^^taOBt  porous  article  of  clothing,  and  silk  is  the  least 
porous.  Again,  the  textile  fabrics  with  rough  surfaces 
Larc  generally  warmer  than  those  which  arc  smooth,  the 
(rougher  surfaces  stimulating  the  skin  and  favouring  the 
jcapillary  circulation.  The  hygroscopic  properties  of  the 
unaterial  determine  its  warmth  to  a  considerable  dcg^ree, 
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for  this  property  of  absorbing  moisture  enables  the  fabric 
to  absorb  the  perspiration  from  the  skin  ;  and  the  chil- 
ling effect  of  the  evaporation  of  this  natural  moisture  is 
thereby  transferred  from  the  skin  to  the  article  covering 
it.  The  following  is  the  order  in  which  the  various 
articles  of  clothing  must  be  placed,  so  as  to  indicate 
their  relative  hygroscopic  properties: — Wool,  fur,  eider 
down,  silk,  linen,  cotton.  The  same  order  will  indicate 
the  facility  with  which  each  material  absorbs  odours. 

A  few  general  remarks  may  next  be  made  upon  the 
requirements  of  suitable  and  healthy  clothing.  The 
clothing  of  the  body  should  be  designed  for  the  follow- 
ing purposes: — (i)  For  preserving  the  whole  of  the 
body  at  a  uniform  temperature.  Doubtless  the  dress  of 
women  and  children  offends  chiefly  against  this  require- 
ment. Women's  dress  encourages  a  very  unequal  dis- 
tribution of  warmtli  ;  the  upper  part  of  the  chest  and 
the  legs  are  unduly  exposed,  whereas  the  trunk  below 
the  upper  part  of  the  chest  is,  by  comparison,  clothed 
very  warmly.  The  dangerous  habit  of  exposing  the 
bare  legs  and  arms  of  infants  to  the  vicissitudes  of  our 
winter  climate,  and  swaddling  the  rest  of  their  bodies 
with  many  layers  of  warm  clothing,  should  be  obvious 
to  all.  (2)  Clothing  must  interfere  with  no  natural 
function  or  movement,  so  as  to  lead  to  injury  of  the 
part  of  the  body  to  which  it  is  applied. 

The  head  covering  should  be  light,  porous  (so  as  to 
admit  air),  and  with  no  tight  rim  to  press  upon  the 
scalp  and  interfere  with  the  circulation  of  its  blood 
supply,  which  is  a  frequent  cause  of  baldness.  No 
tight  fitting  article  should  be  worn  round  the  neck, 
as  important  vessels  are  specially  liable  to  be  pressed 
upon  in  that  situation.  The  trunk  and  extremities 
have  probably  suffered  most  from  the  adoption  of  bad 
principles  in   clothing;    and   the   dress  of  women    in 
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many  respects  still  defeats  the  main  objects  of  clothing. 
Petticoats  and  dresses  are  often  heavy ;  they  impede 
movement  and  accumulate  dirt,  and  they  exert  a 
dragging  weight  from  the  waist  and  hips.  They 
should  either  be,  like  the  male  trousers,  suspended 
by  braces,  or  hung  from  a  bodice  by  means  of  button^ 

The  effects  of  tight  lacing  are  to  deform  the  Inxly 
and  to  displace  important  viscera.  The  diaphragm  is 
pushed  up,  the  lung  space  diminished,  and  the  lungs  and 
heart  often  suffer  in  consequence.  Constriction  and  dis- 
placement of  the  liver  are  produced,  and  the  resulting 
pressure  on  other  important  abdominal  organs  causes 
them  to  suffer  also.  Those  who  lace  tightly  are  fre- 
quently, therefore,  the  victims  of  dyspepsia,  malnutrition, 
gastralgia,  vomiting,  shortness  of  breath,  palpitation,  and 
faintness.  Tight,  rigid  corsets  give  rise  to  muscular 
flabbiness,  which  conduces  to  spinal  curvature,  round 
shoulders,  and  a  stooping  carriage.  The  waist  of  the 
average  woman  should  be  from  26  to  27  inches  in 
circumference. 

Tight  sleeves  should  also  be  avoided.  Suspenders 
should  always  be  preferred  to  garters ;  and  the  lower 
extremities  of  women  should  be  protected  by  thicker 
stockings  in  the  winter.  The  substitution  of  warm 
"  bloomers"  for  the  petticoat  is  a  practice  to  be  com- 
mended. 

With  reference  to  boots,  these  should  fit  the  foot,  and 
at  the  same  time  admit  of  free  movement.  Tight  or 
badly  fitting  boots  may  give  rise  to  flat  foot,  ingrowing 
toe  nails,  corns,  bunions,  and  even  to  permanent  lame- 
ness. The  soles  should  be  flexible  and  the  heels  kept 
low.  High  heels  cause  the  foot  to  press  forwani  m 
the  boot,  tiring  the  walker  and  causing  a  feeling  of 
discomfort.  They  also  give  rise  to  an  uncertain  and 
unbecoming  gait. 


EXERCISE   AND   CLOTHING. 


389 


In  conclusion,  it  may  be  said  that  clothing  should  not 
be  changed  according  to  calendar,  but  according  to 
weather ;  that  the  best  material  for  underwear  is  light 
and  porous  flannel;  and  that  clothing  worn  in  successive 
layers  is  warmer  than  when  a  similar  weight  of  material 
is  applied  in  a  single  layer. 
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CHAPTER     VIII. 

FOOD.   BEVERAGES.  AND  CONDIMENTS. 

Food. 

TnK  purposes  fulfilled  by  food  may  be  defined  to  be  u 
follows : 

1.  To  form  new  tissues  in  the  process  of  growth. 

2.  To  repair  and  renew  the  wasted  tissues — solid  and 
fluid — of  the  body. 

3.  To  provide  the  material  which  serves  as  fuel  to  the 
body,  and  which,  by  its  combination  with  oxygen,  is 
reduced  to  the  simpler  forms  of  urea,  carbonic  acid,  and 
water,  thus  supplying  the  sources  of  the  animal  heat  and 
of  the  manifestations  of  energy  which  are  essential  for 

.the  maintenance  of  life. 

I  All  the  various  food  substances  and  proximate  con- 
stitucnts  of  food  may  be  classified  broadly  under  two 
heads — as  nitrogenous  and  non-nitrogenous. 

The  albuminates,  which  are  substances  allied  in 
chemical  constitution  to  albumin,  form  a  large  propor- 
ion  of  the  nitrogenous  food  substances ;  whilst  the 
ton- nitrogenous  substances  consist  of  the  fats,  the 
■hydrates,  the  vegetable  acids,  the  mineral  salts, 
hurftter. 
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NlTRQOENOUS. 

NoH-NlTROCtNOUJ. 

Fait. 

Carbo- 

Hydrates. 

Ve«e. 
table 
Acida. 

Salt*. 

i 

i 

k 

/Albumin 
Fibrtn 

Syntonin 
■^      Mvaiiin 
s     Globulin 
1  /  Catein 

Gelatine 
O&sein 
Chondrin 
\Ker»line 

a  1  Gluten 
^  &  1  Legumen 

/Kreatine 
S  J  Kreaiinine 
-  1  Karnine 
~  I  Xanthine 

Olein 

Stearin 

Patmilin 

Margarin 

Butyrin 

Starch 
Dextrine 

Cane  sugar 
Grape  augar 
Lactose  or 
Milk  sugar 

Oialic 

Tartaric 

Citric 

Malic 

Acetic 

Uclic 

Sodium  chloride 
Hoiaasium  chloride 
Calcium  phosiihale 
Maf;nc%ium  phosphate 
Iron,  &c. 

Albuminates  or  Proteids. — The  average  composition  of 
albumin  may  be  taken  as  being  somewhat  as  follows : 
In  100  parts  — nitrogen  16,  carbon  54,  oxygen  22,  hydro- 
gen 7,  sulphur  I.  The  proportion  of  nitrogen  to  carbon 
is  nearly  in  the  ratio  of  2  to  7.  In  the  group  headed 
by  gelatine  (see  table)  the  N  is  about  18  per  cent.,  and 
the  proportion  of  nitrogen  to  carbon  is  greater:  these 
substances  are  much  less  nutritious  than  the  albumin- 
ates proper.  In  the  process  of  digestion  albuminates 
are  converted  into  albumoscs  and  soluble  peptones, 
which  are  highly  dilTusible  and  capable  of  passing 
through  the  inner  coats  of  the  alimentary  tract  into 
the  blood  and  lymph  streams.  A  part  of  the  peptones 
is  further  transformed  into  leucin  and  tyrosin,  but  the 
final  products  derived  from  proteid  food  are  carbonic 
acid,  water,  and  urea.  Peptones  differ  from  common 
albumins  in  being  soluble,  uncoagulable  by  heat,  acid, 
or  spirit,  and  in  being  dialysablc. 

Nitrogenous  foods  are  essential  for  the  maintenance 
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of  animal  life.  All  organised  structures  contain  nitro- 
gen, and  there  can  be  no  chemical  change  and  no 
manifestation  of  energy  in  any  animal  tissue  from  which 
nitrogen  is  absent.  Consequently  nitrogenous  foods  are 
required  for  the  formation  of  new  and  the  repair  and 
renewal  of  old  tissues,  and  for  the  formation  of  the 
digestive  and  other  fluids  of  the  body.  The  nitrogenous 
tissues  of  the  body  are  also  the  regulators  of  the  absorp- 
tion and  utilization  of  oxygen,  by  which  energy  is  mani- 
fested ;  llierefore  the  protcid  foods,  which  make  and 
repair  the  tissues,  also  participate  in  this  regulation  of 
oxidation  and  energy.  They  are  also  supposed  to  have 
another  function  under  certain  special  conditions,  viz., 
the  formation  of  fat  and  the  yielding  of  energy  ;  but  of 
this  little  is  known,  and  doubtless  the  main  source  of 
energy  is  the  oxidation  of  non-nitrogenous  substances. 
Under  a  diet  from  which  nitrogen  is  withheld  the  body 
languishes  ;  the  functions  are  carried  on  at  the  expense 
of  the  existing  tissues  and  structures,  and  these  under- 
going no  renewal,  death  must  eventually  result. 

The  albuminates  proper  are  of  nearly  equal  nutritive 
value,  and  are  therefore  mutually  replaceable  in  a  diet. 
This  applies  both  to  the  different  members  forming  the 
animal  albuminate  class  and  to  the  vegetable  and  animal 
albuminates  taken  as  two  separate  classes.  The  only 
advantage — if,  indeed,  it  be  one  at  all — in  favour  of 
animal  nitrogenous  food  as  opposed  to  vegetable  is  that 
the  former  is  more  rapidly  and  completely  digested,  and 
therefore  more  quickly  replaces  wasted  tissue.  But 
against  this  must  be  set  the  fact,  quite  recently  ascer- 
tained, that  proteid  substances  are  split  up  in  the  pro- 
ses of  healthy  digestion,  either  in  part  or  whole,  into 
e  poisonous  alkaloids //ow/iimw  and  Uucomaitus.  These 
ies  arc,  no  doubt,  under  conditions  of  normal  health 
and  activity,  disposed  of  in  the  system  without  detriment 
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to  its  vital  functions;  but  if  they  are  produced  in 
excess,  or  more  rapidly  than  they  can  be  destroyed  or 
eliminated,  as  may  happen  after  a  meal  of  meat  exces- 
sive in  amount,  they  tend  to  accumulate  in  the  system, 
and  may  be  the  cause  of  that  heaviness  and  languor  so 
frequently  experienced  by  large  meat  eaters,  especially 
those  of  a  dyspeptic  habit. 

Whilst  there  is  not  sufficient  evidence  to  prove  that 
vegetarianism,  so-called,  is  more  conducive  to  health  or 
longevity  than  a  mixed  diet,  there  can  be  but  little 
doubt  that  the  wealthier  classes  eat  too  largely  and  too 
frequently  of  meat.  Excess  of  nitrogenous  food  causes 
not  onlj'  an  abnormal  production  of  the  poisonous  alka- 
loids, of  whose  potentialities  for  evil  but  little  is  at 
present  known  ;  but  an  excess  of  nitrogenous  waste 
accumulates  in  the  blood,  oxidation  is  interfered  with, 
the  liver,  the  kidneys,  and  the  other  excretory  organs 
are  overtaxed  in  their  work  of  eliminating  waste  sub- 
stances which  are  also  insufficiently  elaborated,  and 
gout,  or  liver  and  kidney  disease  result. 

Gelatine,  ossein,  &c.,  are  not  the  nutritive  equals  of 
the  other  albuminates,  and  cannot  replace  them.  Gela- 
tine is  easily  oxidised  in  the  body,  and  appears  to  be  of 
value  in  cases  of  acute  disease,  when  given  in  the  form 
of  jellies,  in  preventing  excessive  tissue  waste.  In  such 
cases  the  albuminates,  if  given,  may  not  be  digested  or 
assimilated.  Gelatine  cannot,  probably,  form  nitro- 
genous tissues,  but  it  can  take  the  place  of  part  of  the 
nitrogenous  substances  in  the  blood  which  undergo 
oxidation. 

The  extractives,  such  as  those  contained  in  the  juice 
of  flesh,  appear  to  act  as  regulators  and  stimulants  of 
digestion  and  assimilation,  especially  when  gelatine  and 
allied  bodies  are  comprised  in  the  diet.  Hence  the  use 
of  beef  tea,  which,  as  usually  made,  contains  little  beyond 
extractives,  in  the  dietary  of  sickness. 
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^P  Hydrocarbons  or  Fa/j. — These  bodies  are  compounds  of 
glycerine  with  the  fatty  acids — oleic,  stearic,  palmitic, 
&c.  They  contain  no  nitrogen,  but  are  made  up  of 
carbon,  hydrogen,  and  oxygen,  the  proportion  of  oxygen 
being  less  than  sufficient  to  form  water  with  the  hydro- 
gen present.     The  fats  are  unacted  upon   by  the  saliva 

■  and  by  the  gastric  juice,  and  pass  through  the  stomach 
unchanged;  but  in  the  small  intestine  they  are  emulsified 
by  the  pancreatic  juice  and  bile,  and  rendered  capable 
of  absorption  by  the  lacteal  vessels,  whilst  a  small 
portion  is  saponified — i.e.,  split  up  into  glycerine  and 
fatty  acids,  the  latter  uniting  with  alkalies  to  form  alka- 
line palmitates,  oleates,  and  stcarates  (soaps),  which  are 
directly  absorbed  into  the  blood  or  lacteals. 

The  chief  function  of  the  fatty  foods  is  to  repair  and 
renew  the  fatty  tissues,  and  to  yield  energy  and  keep  up 

»the  anicnal  heat  by  oxidation  into  carbonic  acid  and 
water.  The  presence  of  the  fats  in  food  promotes  the 
flow  of  the  pancreatic  juice  and  bile;  they  thus  help  in 
the  proper  assimilation  of  other  foods,  and  assist  the 
excretory  functions  of  the  intestine,  which  arc  badly 
performed  if  bile  and  the  other  digestive  fluids  are  not 

•secreted  in  sufficient  quantity. 
The  animal  fats  are  more  easily  digested  and  absorbed 

than  the  vegetable.  If  there  is  excess  of  fat  in  a  diet,  it 
^.passes  out  unchanged  in  the  fa;ccs. 

^P    Carbo-hydrates. — These   substances    arc    made   up   of 
"carbon,  hydrogen,  and  oxygen,  the  oxygen  being  present 

in  the  exact  proportion  necessary  to  form  water  with 

the  hydrogen  present.  In  the  process  of  digestion 
^■■tarch,  cane  sugar,  dextrine,  and  milk  sugar  are  con- 
^berted  into  grape  sugar.  This  change  is  commenced  in 
Hpie  mouth,  during  the  process  of  mastication  of  the  food, 
^^y  the  action  of  the  saliva :  it  is  not  carried  any  further 

ia  the  stomach,  but  is  completed  in  the  small  intcstioe 
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by  means  of  the  pancreatic  juice.  The  starch  (CoHioO,) 
takes  up  a  molecule  of  water  to  become  grape  sugar 
(C6H|,06),  which  is  taken  up  by  the  blood  and  carried 
by  the  portal  vein  to  the  liver,  where  it  is  deposited  as 
glycogen  or  liver  starch.  The  liver  acts  as  a  storehouse 
for  the  deposition  and  accumulation  of  these  converted 
starchy  foods,  which  are  subsequently  supplied  to  the 
system  as  the  needs  of  the  economy  demand,  there  to 
undergo  oxidation  for  the  manifestation  of  heat  and 
energy,  and  to  be  used  for  the  building  up  of  the  fatty 
tissues  of  the  body. 

The  functions  of  the  starchy  foods  are  thus  seen  to  be 
the  production  of  animal  heat  and  energy  by  oxidation, 
and  the  formation  of  new  fatty  tissues.  The  latter 
property  has  been  demonstrated  by  Lawes  and  Gilbert 
by  experiments  in  the  fattening  of  pigs.  The  fat  given 
in  the  food  was  not  sufficient  to  account  for  all  the  fat 
stored  up  in  the  pigs.  Most  of  it  must  have  been 
derived  from  the  conversion  of  the  carbo-hydrates,  but 
a  portion  may  have  been  due  to  the  metabolism  of 
nitrogenous  substances. 

The  fattening  caused  by  a  diet  rich  in  starch  and 
sugar  may  partially  be  due  to  the  oxidation  of  these 
substances  saving  the  fatty  tissues  from  destruction, 
and  allowing  the  fat  in  the  diet  to  form  new  fatty 
tissues. 

Although  the  functions  of  the  fats  and  carbo-hydrates 
in  the  economy  are  very  much  the  same,  they  are  not 
mutually  replaceable  under  ordinary  conditions,  if  health 
and  vigour  are  to  be  maintained  at  their  maximum. 
Where  men  are  much  exposed  to  very  cold  temperatures 
and  undergo  great  fatigue  in  the  open  air — as  during 
Arctic  expeditions — a  diet  of  albuminates,  fats,  salts, 
and  water  (without  carbo-hydrates)  may  maintain  them 
for  a  time  in  good  health ;    but  the  deprivation  of  fat 
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H  from  the  diet  under  any  circumstances  is  not  well  borne, 
"^  and  leads  rapidly  to  loss  of  health  and  vigour. 

It  also  appears  that  the  carbo-hydrates  are  concerned 
with  the   maintenance  of  the  proper  reactions  of  the 
various  bodily  fluids  (lilood,  lymph,  gastric  juice,  urine, 
&c.).     They  give  rise  to  lactic  and  other  similar  acids 
in   the  body,  which  act  upon  the  alkaline  phosphates, 
l|,  chlorides,  &c.,  and   elaborate    the   various   acid   juices 
^^characteristic  of  the  different  bodily  secretions  and  ex- 
cretions.     Starches   and   sugars  have  much   the  same 
dietetic   value.     Cellulose  is  unchanged  by  the  human 
digestive  processes,  and  passes  out  as  such  in  the  faeces. 
It  is  evident,  therefore,  that  a  diet  which  is  to  main- 

»tain  proper  bodily  health  must  contain  all  the  three  sub- 
stances— albuminates,  fats,  and  carbo-hydrates.  The 
albuminates  are  the  most  indispensable,  as  without  them 
vital  action  must  cease  for  want  of  a  supply  of  nitrogen. 
But  a  diet  of  albuminates,  salts,  and  water,  alone,  is 
rapidly  destructive  of  healthy  action.  As  before  ex- 
plained, the  excessive  waste  resulting  from  the  metabo- 
lism of  so  much  nitrogenous  food,  necessary  to  maintain 
animal  heat  and  energy,  overtaxes  the  system,  and 
imperfectly  oxidized  substances  accumulate  in  it,  which 
pervert  healthy  action  and  eventually  set  up  diseased 
processes. 

VtgttabU  Acids. — They  exist  in  fresh,  vegetables  and 
fruit,  probably  also  in  fresh  meat  and  milk,  in  combina- 
tion chiefly  with  alkalies  as  alkaline  salts.  These  acids 
form  carbonates  in  the  system,  and  preserve  the  alka- 
linity of  the  blood  and  other  fluids.  This  is  their  chief 
I  function,  but  they  may  also  furnish  a  smalt  amount  of 
Inergy  and  animal  heat  by  oxidation.  If  these  sub- 
■tanccs  arc  absent  in  a  diet,  the  blood  becomes  impover- 
■hed,  and  scurvy  results.  It  is  maintained,  however, 
by  some  authorities  that  the  presence  of  fresh  vegetables 
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or  lime  juice  is  not  alone  sufficient  for  the  prevention 
or  the  cure  of  scurvy,  and  that  the  disease  is  essentially 
due  to  poisoning  by  the  ptomaines  of  tainted  animal 
food. 

Scurvy,  although  formerly  very  fatal  to  crews  of  ships 
on  long  voyages,  and  to  populations  on  shore  during 
times  of  want  and  famine,  can  hardly  be  called  now  a 
disease  of  modern  life,  when  fresh  meat,  vegetables,  and 
fruit  are  within  the  reach  of  all  classes.  Such  is  the 
case  at  least  with  adults ;  but  infants,  fed  exclusively 
upon  condensed  milk  or  preserved  foods,  have  lately 
been  shown  to  suffer  from  a  form  of  scurvy.  The 
haemorrhages  characteristic  of  scurvy  take  place  under 
the  periosteum  of  the  long  bones.  The  disease  is  often 
associated  with  rickets,  and  is  generally  rapidly  cured 
by  the  administration  of  fresh  milk  and  fresh  food. 

The  mineral  salts  are  essential  for  the  growth  and 
repair  of  all  the  tissues  of  the  body.  The  phosphates  of 
lime,  potash,  and  magnesia  contribute  largely  to  the 
formation  of  bone ',  whilst  iron  for  the  red  blood  cor- 
puscles and  colouring  matters,  chlorine  for  the  gastric 
juice,  potash  for  the  blood  cells  and  solid  tissues,  and 
soda  for  the  intercellular  fluids,  are  all  indispensable. 
Mineral  salts  are  required  in  diets  for  all  ages,  but  more 
especially  for  infants  and  children,  when  not  only  has 
waste  to  be  made  good,  but  new  material  for  the  growth 
of  the  body  has  to  be  supplied. 

Water  is  a  component  part  of  all  the  so-called  solid 
foods,  and  is  likewise  taken  separately,  the  amount  of 
water  contained  in  the  solid  foods  of  an  average  diet 
being  insufficient  for  the  needs  of  the  body.  The  water 
contained  in  different  food  stuffs  varies  within  very  wide 
limits ;  in  some  articles  it  amounts  to  not  more  than 
12  per  cent,  by  weight,  while  in  others  it  may  reach 
90  per  cent.     Water  is  necessary  to  make  up  the  losses 
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occasioned  by  its  excretion  in  the  breath,  sweat,  urine, 
and  faeces,  and  to  renew  all  the  various  fluids  and  solid 
organs  of  the  body,  into  whose  constitution  water  largely 
enters.  Water  also  serves  as  a  vehicle  for  the  solution 
and  dilution  of  the  solid  foods,  whereby  they  are  more 
easily  digested  and  assimilated,  and  is  essential  for  the 
limination  of  many  waste  products. 


Diet. 

From  physiological  experiment  and  calculation  from 
dietaries  of  different  kinds,  tables  of  diets,  giving  the 
amounts  of  the  proximate  constituents  of  food  necessary 
Kfor  an  adult  under  varying  conditions,  have  been  con- 
^structed;  but  there  is  considerable  discrepancy  among 
physiologists  regarding  the  qualitative  and  quantitative 
composition  of  these  diets.  Thus,  there  is  a  subsistence 
diet,  calculated  as  sufficient  for  the  internal  mechanical 
work  of  the  body  alone ;  a  diet  for  ordinary  work  (con- 
sumption of  visible  energy  equivalent  to  300  foot-tons 
per  diem) ;  and  a  diet  for  laborious  work  (450  to  500 
foot- tons  daily) — all  suitable  for  a  man  of  average 
size  and  weight  (150  pounds).  The  following  table  is 
compiled  from  the  researches  of  Playfair,  Molescbott, 
Pettenkofer,  Voit,  and  Ranke. 
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Subtitleace. 

Ordinary 
Wort, 

Lak«ri««t 
Wot. 

Albuminate* 

F»t«         .... 
Cjitbohydr«te» 
^U         .... 

0:  Av. 

3-0 

05 
1 20 

03 

Oi.Ar, 
4-5 

3'5 

14-0 

x-o 

Of.il». 

6-5 

4-0 

I7P 

«-3 

1       Total  water  free  (ooH 

IJO 

aj-o 

a8-8 

Tlie  above  quantities  represent  dry  food.  Ordinary 
solid  food  contains  on  an  average  50  or  60  per  cent,  of 
water,  so  that  the  above  quantities  must  be  rather  more 
than  doubled  if  the  diet  is  stated  as  so-called  solid  food 
{not  water-free).  About  50  to  80  ounces  of  water  daily 
are  in  addition  taken  into  the  system  in  a  liquid  form, 
the  quantity  depending  upon  the  amount  of  exertion 
undergone,  and  the  temperature  and  humidity  of  the  air. 
Thus,  for  subsistence  a  man  requires  about  ^V.  ounce  of 
water-free  food  for  each  pound  of  body  weight,  and  for 
ordinary  work  about  |  ounce. 

By  the  following  table,  which  shows  the  approximate 
percentage  composition  of  some  of  the  more  ordinary 
articles  of  food,  it  is  possible  to  calculate  a  diet  con- 
sisting of  some  of  these  common  foods. 


In  100 

Pa«ts. 

i 

Albu- 
minates. 

Fits. 

Csrbo- 
hydratcs. 

Silts. 

Raw  meat 

20-5 

8-5 

_ 

«-5 

Hens'  eggs 

us 

11-5 

— 

I'O 

Cows'  milk 

40 

35 

4'5 

07 

Butter 

'•5 

83-5 

i-o 

15 

Cheese 

380 

230 

i-o 

7-0 

Bread 

80 

0-5 

50-0 

•■5 

Potatoes    . 

JO 

O'l 

2I-0 

i-o 

Oatmeal    . 

12-6 

5'5 

63  0 

3-0 

Sujvposing  a  diet  of  meat,  bread,  and  butler  is  required  for  a  body 

of  men  in  ordinary  work. 

Let  .r  =  amount  of  mc.it  required  in  ounces  per  head,  per  diem. 

J' =  amount  of  bread       ,,  „  „  „ 

z~  amount  of  butter      ,,  „  „  „ 

Then  ^*il5,  +  A_,.  +  Li  »  =  4-5  (albuminaleB). 
100         100         100 

8-5 

**    T    r    T 

100 


100  100 


°'5>  +  ?^^«  =  3'5(fats). 


J?.  j'  =  i4  (carbo-hydrates). 
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These  equations,  when  solved,  give  the  required 
amount  of  meat  as  io'8  ounces,  the  bread  as  28  ounces, 
and  the  butter  as  about  3  ounces. 

The  amount  of  nitrogen  in  the  diet  for  ordinary  work 
•s  315  grains,  and  the  amount  of  carbon  4,790  grains. 
One-tenth  of  the  total  nitrogen  eliminated  leaves  the 
body  in  the  faces ;  the  kidneys  eliminate  about  500 
grains  daily  in  the  form  of  urea;  and  the  skin  and  lungs 
give  off  a  trace  in  the  form  of  ammonia. 

POne  ounce  of  albumin  contains  70  grains  of  nitrogen 
and  212  grains  of  carbon,  an  allowance  being  made  for 
the  carbon  which  is  excreted  as  urea,  and  which  may 

tbe  considered  to  be  oxidized  as  far  as  carbonic  oxide 
only.  One  ounce  of  fat  contains  336  grains  of  carbon, 
and  an  ounce  of  carbo-hydrates  about  190  grains  of 
carbon. 
■  In  the  best  diets  the  proportion  of  nitrogen  to  carbon 
should  be  about  as  i  to  15. 

The  energy  obtainable  from  the  different  articles  of 
food  is  expressed  as  so  many  foot-tons  per  ounce  con- 
sumed. It  is  the  amount  which  would  be  produced 
theoretically,  if  the  constituents  of  the  food  were  com- 
pletely oxidized  to  carbonic  acid  and  water ;  and  the 
energy  derivable  from  different  food  stuffs  can  he 
calculated  from  the  heat  required  for  their  complete 
combustion — as  measured  in  a  calorimeter.  It  is 
evident  that  such  theoretical  expressions  may  have 
little  bearing  upon  dietetic  value,  which  depends  so 
largely  upon  the  digestibility  and  capability  of  assimi- 
lation possessed  by  the  different  food  proilucts.  In 
the  case  of  albuminates  also,  a  portion  passes  out 
incompletely    oxidized    in    the    form    of   urea.       l*he 

» figures  usually  given  are : 
One  ounce  of  dry  albuminate  yields  17J  foot-tons  of 
potential  energy. 
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One  ounce  of  fat  yields   378   foot- tons  of  potential^ 
energy.  ™ 

One  ounce  of  dry  carbo-hydrate  yields  135  foot-tons 
of  potential  energy.  y 

According  to  these  figures,  the  average  daily  diet  for^ 
ordinary  work  is  capable  of  yielding  3.977*5  foot-tons,  or 
in  round  numbers  close  upon  4,000  foot-tons.  A  large 
proportion  of  this  theoretical  energiy,  viz.,  about  2,500 
foot-tons,  is  devoted  to  the  niaintenance  of  the  body 
temperature,  and  to  the  performance  of  the  various 
bodily  functions,  when  the  body  is  in  a  state  of  rest. 

In  a  state  of  rest  a  man  of  150  pounds  weight  gives 
off  about  15  cubic  feet  of  COj  gas  in  twenty-four  hours, 
The  production  of  i  cubic  foot  of  CO,  by  combustion 
is  equivalent  to  160  foot-tons  of  energy.  Therefore 
15  X  160  =  2,400  foot-tons  of  energy  are  consumed  in  the 
production  of  15  cubic  feet  of  CO,. 

Then  again,  if  the  average  temperature  of  the  air 
is  taken  as  50"  F.,  the  difference  between  the  tem- 
perature of  the  human  body  (98'  F.)  and  that  of  the  air 
is  48'  F.  If,  then,  we  consider  the  human  body  as 
absorbing  and  losing  heat  like  water,  the  energy  required 
to  support  a  temperature  of  98'  F.  in  a  man  of  150  pounds 
weight  is 


i50X48x775_ 


2,490  foot- tons. 
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2,240 

The  number  775  is  Joule's  equivalent,  i.e.,  the  number 
of  foot-pounds  of  energy  necessary  to  raise  i  pound  of 
water  i"  F. 

These  two  methods  of  estimating  the  amount  of 
energy  necessary  to  sustain  human  life  are  seen  to 
produce  very  similar  results,  viz.,  2,400  foot-tons  in  one 
case,  and  2,490  foot-tons  in  the  other.  The  subsistence 
diet  given  in  the  table  (p.  398)  is  capable  of  yielding 
2,155  foot-tons  of  energy!     Playfair's  subsistence  diet 
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(2-5  oz.  alb.,   1   oz.  fat,  12  oz.  carb.-hyd.)  is,  however, 
capable  of  yielding  2,430  foot-tons  of  energy,  which  is 
vaearly  identical  with  the  results  of  the  two  methods  just 
described. 

The  average  diet,  as  before  said,  yields  4,000  foot 

>tons  of  energy  (nearly).  If  300  foot-tons  is  taken  as 
the  energy  consumed  in  actual  physical  lalx)ur,  then 
4,000—300=3,700   foot-tons  are  consumed   in   supply- 

'  ing  energy  for  the  functions  of  the  body  in  a  state  of 
physical  activity.  This  would  mean  that  during 
ordinary  work  the  production  of  COj  is  raised  from 
15  cubic  feet  to  an  average  of  23  cubic  feet  in  the  24 
hours;  or  supposing  the  man  works  for  8  hours  and  rests 
for  16  hours,  then  the  CO,  produced  in  the  8  hours  of 
work  is  1 1-8  cubic  feet  (f47  cubic  feet  per  hour),  and  in 
the  16  hours  of  rest  11-2  cubic  feet  (07  cubic  feet  per 

BCfaour).  In  \he  same  way  the  diet  for  hard  (laborious) 
work  produces  4,930  foot-tons  of  energy  :  subtracting  5(x> 
for  actual  visible  work,  there  is  left  4,430  foot-tons  for 
the  work  of  the  body,  equivalent  to  the  production  of 
a7"6  cubic  feet  of  CO,  in  24  hours,  or  i'6  cubic  feet  per 
hour  for  la  hours  of  work,  and  0-7  per  hour  for  12  hours 
of  rest. 

When  food  is  taken  in  large  excess  of  the  require- 
ments of  the  system,  a  considerable  portion  remains 
undigested ;  fermentative  and  putrefactive  changes  are 
set  up  in  the  undigested  mass  as  a  result  of  the  activity 
of  the  bacterial  organisms  always  present  in  the  intes- 
tinal ranal,  ftstid  gases  containing  sulphur  and  carbon 
are  formed,  and  dyspepsia  and  diarrhaa  are  provoked. 
Some  of  the  products  of  putrefaction  —  possibly  the 
alkaloids  already  referred  to,  the  ptomaines  and  leuco- 
maincs — are  absorbed  into  the  blood,  and  cause  fever, 
torpor,  headache,  and  foetid  breath.  Excess  of  fats  and 
Starches  tend  to  produce  acidity  and  flatulence,  whilst 


DIET. 


403 


taken  habitually  in  excess  they  may  cause  excessive 
formation  of  fatty  tissues  and  obesity.  In  all  cases  of 
over-eating,  undigested  muscular  fibres,  fat,  and  starch 
cells  may  be  found  by  microscopical  examination  in  the 
fsEces  to  an  unusual  extent,  and  occasionally  albumin 
and  sugar  will  be  found  in  the  urine. 

Deficiency  in  all  the  constituents  of  a  diet  tends  to 
produce  loss  of  weight,  debility,  prostration,  and  anaemia. 
If  carried  to  the  point  of  starvation,  low  fever  and  gastric 
disturbances  are  often  excited,  ending  eventually  in 
death.  It  appears,  however,  that  some  constitutions 
can  withstand  long  periods  of  fasting  (thirty  to  forty 
days),  if  plenty  of  water  is  taken  ;  perfect  health  being 
maintained  the  whole  time,  although  with  gradually 
increasing  emaciation  and  debility.  The  elimination  of 
urea  is  always  markedly  diminished.  The  absence  of 
fat  in  a  diet  leads  to  a  state  of  malnutrition,  possibly 
predisposing  to  such  diseases  as  tubercle,  especially  in 
children  and  young  persons.  The  deprivation  of  starches 
can  be  borne  for  a  long  time  if  fat  is  given  ;  but  little  is 
koown  as  to  the  ultimate  effects  of  such  deprivation,  for 
wherever  food  can  be  obtained  at  all,  the  starchy  con- 
stituents, so  widespread  and  abundant  in  Nature,  are 
sure  to  be  largely  represented. 

The  considerations  which  will  influence  the  selection 
of  a  diet  are  many.  They  may  be  briefly  summarized 
as  follows:  (i)  Age.  It  is  generally  held  that  a  child  of 
ten  requires  half  as  much,  and  a  child  of  fourteen  quite 
as  much,  as  a  woman.  An  average  diet  for  a  child 
between  eight  and  fourteen  years  of  age  should  contain 
about  6  ounces  of  meat,  14  ounces  of  bread,  6  ounces  of 
potatoes,  9  ounces  of  milk,  and  small  quantities  of 
butter,  fresh  vegetables,  tea  or  coffee.  A  generous  diet 
for  a  working  man  would  contain  9  ounces  of  meat,  18 
ounces  of  bread,  16  ounces  of  potatoes,  16  ounces  of 
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consist  of  one  part  of  fresli,  pure  cow's  milk  and  twc 
parts  of  water,  mixed  and  boiled,  and  after  boiling 
sweetened  with  a  small  teaspoonfui  of  brown  sugar  tc 
each  pint  of  the  mixture.  Barley  water  may  sometimes 
with  advantage  be  used  instead  of  plain  water,  but  lime- 
water  is  better  avoided.  The  mixture  should  be  kepi 
in  a  clean,  covered  vessel,  and  in  a  clean,  cool  place, 
between  meals.  The  temperature  of  the  food  given  tc 
a  young  child  should  be  about  the  heat  of  the  humar 
hand.  Three  or  four  tablespoonfuls  should  be  given  tc 
a  child  each  time  it  is  fed. 

(b)  From  the  age  of  six  weeks  to  three  months  the 
child  should  be  fed  with  a  mixture  of  equal  quantities  o: 
cow's  milk  and  water,  with  sugar  as  above  ;  but  twc 
teaspoonfuls  of  cream  may  now  be  advantageouslj 
added  to  each  meal.  The  quantity  given  at  each  mea 
should  be  about  eight  tablespoonfuls.  The  interva 
between  meals  should  now  be  gradually  but  continuallj 
lengthened. 

{{)  From  the  age  of  three  months  to  seven  months  the 
child  should  have  a  mixture  of  two  parts  of  cow's  milk 
to  one  of  water.  About  eight  tablespoonfuls  should  ai 
first  be  given  at  each  meal,  but  the  intervals  betweer 
meals  being  still  lengthened,  a  larger  quantity  than  this 
will  soon  be  required.  The  quantity  of  cream  giver 
with  each  meal  may  now  be  increased  from  two  to  three 
or  four  teaspoonfuls.  The  infant  should  now  only  be 
fed  during  the  night  if  it  happens  to  awake. 

The  following  is  a  useful  working  rule  for  the  feeding 
of  a  child  during  the  period  in  which  liquids  should  be 
exclusively  given : — Begin  with  about  thirly-two  table 
spoonfuls  a  day,  as  above  (a),  and  increase  this  by  the 
addition  of  two  to  four  tablespoonfuls  a  week  up  to  the 
end  of  the  seventh  month. 

(rf)  From  the  age  of  seven  months  to  twelve  months 


ment,  and  a  child  cannot  thrive  on  it,  however  much  is 
tak^n. 

It  is  harmful  to  give  children  tea,  beer,  spirits,  or 
cheese,  because  they  interfere  with  the  power  of  diges- 
tion ;  and  teething  powders  or  soothing  syrups  are 
dangerous  because  they  often  contain  opium. 

When  an  infant  is  fretful  or  suffering  from  indigestion 
or  diarrhcea,  it  will  often  be  found  that  it  is  having  too 
much  or  too  strong  food,  and  is  fed  too  frequently.  By 
diminishing  its  diet  or  diluting  the  milk  with  a  little 
extra  water,  and  carefully  attending  to  the  proper  feeding 
times,  the  child  will  often  get  well.  If,  in  spite  of  every 
care,  it  continues  so  to  sufTer,  proper  medical  advice 
should  always  be  sought. 

Dr.  Raid  has  demonstrated  statistically  the  evil  that 
results  from  the  prevailing  practice  in  many  manufactur- 
ing towns  of  mothers  leaving  their  homes  during  the  day 
to  work  in  factories.  Children  are  as  a  consequence 
deprived  of  their  natural  food  and  of  the  care  of  their 
natural  guardians.  An  inquiry  instituted  by  a  Parlia- 
mentary Bills  Committee  showed  that  the  amount  of 
infant  mortality,  attributable  to  the  practice  of  married 
women  engaging  in  factory  work,  amounted  to  21  per 
cent,  of  the  total.  Two  remedies  are  suggested  in  the 
report,  one  being  the  extension  of  the  period  of  compul- 
sory absence  from  work  after  confinement  required  by 
the  Factory  Act,  1891,  from  one  month  to  three:  and 
the  other,  the  establishment  of  day  nurseries  or  creches 
by  local  authorities,  for  which  a  small  payment  should 
be  enacted  from  the  parents. 

Homes  for  the  reception  of  pregnant  working  women 
have  been  for  some  years  in  existence  in  many  Conti- 
nental cities.  The  experience  of  these  homes  show  that 
cessation  from  labour  for  a  fortnight  or  a  month  preced- 
ing confinement   renders  the  pregnancy  more  likely  tg 
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a  pale  yellow  colour,  and  free  from  lisemorrliagic  points. 
The  lymphatic  glands  afford  an  excellent  clue  to  the 
existence  of  disease  If  they  are  enlarged,  congested,  or 
show  deposits.  Any  lymphatic  glands  attached  should 
be  firm,  slightly  moist,  and  of  a  pale  grayish-yellow 
colour  on  section  ;  and  the  marrow  of  the  bones  should 
be  light  red.  The  lungs  should  be  examined  for  inflam- 
mation or  abscesses,  tuberculosis,  or  actinomycosis;  tlie 
liver  for  distoma  or  liver-fluke,  tuberculosis,  or  hydatid 
tumours  ;  and  the  spleen  for  enlargement  or  nodules. 

The  Important  Parasites  of  Flesh. 

CvsTiCERCi. — The  cysticercus,  or  "  bladder-worm," 
causes  the  condition  known  as  "  measles  "  in  the  pig, 
ox,  and  sheep.  When  measly  flesh  is  consumed  by 
man,  the  "  bladder- worm  "  undergoes  a  series  of 
changes  which  terminate  in  its  conversion  into  a  tape- 
worm. In  the  flesh  of  the  pig,  and  much  more  rarely 
in  that  of  dogs,  monkeys,  or  man,  a  number  of  small 
oval  or  round  cysts  are  seen,  occupying  a  position 
between  the  muscle  fibres,  and  commonly  varying  in 
size  from  a  pea  to  a  cherry — tliough  they  have  been 
found  as  small  as  ^^  inch,  and  as  large  as  J  inch  in 
diameter.  These  cysts  are  the  Cysticerci  cellulosa — the 
bladder-worms  which  form  a  stage  in  the  development 
of  Tania  soUtim.  They  are  surrounded  by  a  pale  milky 
looking  fluid,  and  the  cyst  wall  shows  a  white  spot 
(generally  central)  upon  its  surface.  The  affected  flesh 
is  pale,  soft,  unduly  moist,  and  flabby,  and  it  has  a 
smooth  slippery  feel.  Sometimes  there  is  some  degree 
of  calcification  of  the  capsule,  the  result  being  that, 
•when  sections  are  cut,  a  grating  sensation  is  experi- 
enced. 

The  bladders  should  be  incised  with  a  sharp  knife, 
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and  the  worm  examined  by  a  powerful  hand  lens,  when 
at  one  extremity  will  be  found  the  blunt  square  head 
provided  with  a  sucker  at  each  "  angle,"  and  a  fringe  of 
booklets  placed  more  centrally.  These  booklets  are 
very  characteristic,  and  must  always  be  found  l>efore 
a  definite  diagnosis  is  ventured  on. 

Those  cysts  that  are  dried  up  and   indistinct  can  be 
made  visible  by  soaking  in  weak  acetic  acid.     Ostertag 
attaches  great  diagnostic  importance  to  the  rounded  or 
I  oval    calcareous   corpuscles,    which    are    so    generally 

I  embedded   in    the   tissue  of  the  head,  but  which  dis- 

I  appear  on  the  addition  of  acetic  acid. 


no.  HL— "M«Ml]r"  t»rk.  >h«iring  (<llit- 
KnunnuUcally)  lU  appMnuKW  to  Um  iuUwI 
eye. 


Fio.  &S.-HMU1  of  Tmite 
aollan. 
iOby  i  Utek). 


Young  pigs  are  more  especially  liable  to  be  attacked  ; 
and  during  life  the  earliest  evidence  of  the  parasites  is 
aflforded  by  the  presence  of  one  or  more  small  cysts  in 
the  conjunctiva,  or  in  the  loose  tissue  of  the  frxnum 
linguae.  After  death  the  liver  and  the  muscles  of  the 
shoulders,  intercostals,  and  loins,  are  seen  to  be  chiefly 
affected. 

The  Cystk^rcus  of  the  Ox. — Cysiictrcns  bovis,  or  "  beef- 
measles,"  which  chiefly  affects  the  calf,  possesses  a  flat 
head  armed  with  no  booklets,  but  simply  with  suckers, 
around  which  there  is  frequently  a  considerable  deposit 
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of  pigment,  and  on  the  surface  of  the  head  there  is  a 
pit-like  depression  ("  frontal  suction  cup").  It  develops 
in  man  into  the  adult  tape-worm  called  Ttrnia  mcdio- 
canellata,  which  is  longer  than  T.  solium,  and  appears  to 
be  more  prevalent  in  this  country. 

Bothriocephalus  laius,  a  tapeworm  which  is  almost 
limited  to  certain  parts  of  the  Continent  of  Europe,  is 
even  larger  than  7".  nudiocamllata.  It  has  a  club-shaped 
head,  not  armed  with  hooklets,  but  possessing  two 
deeply  grooved  longitudinal  suckers,  one  on  each  side. 

Tania  uhinococcus  is  the  small  tapeworm,  of  three  or 
four  segments,  which  is  commonly  found  in   the  dog. 


Fin.  M.- 


-Uea<l  of  Tmnfa  minUctciuiullata 
(Ol.j.  i  inch). 


I'lO.  &3.— BrwMl  capsule  o(  an 
echinococcus. 


The  encysted  form  ("  hydatids ")  is  generally  found 
in  the  lungs  and  liver  of  oxen,  sheep,  and  swine,  and 
(more  especially  in  Iceland)  in  man.  The  hydatids 
consist  of  thin  pale  vesicles  floating  in  a  clear  liquid, 
the  whole  being  encysted  in  a  tough  capsule.  The  inner 
lining  of  the  capsule  consists  of  ciliated  epithelium;  and 
from  the  inside  of  the  cyst  wall  there  generally  arise 
many  so-called  "  brood  capsules  "  (fig.  55). 

The  condition  is  diagnosed  with  certainty  by  the 
microscope,  either  by  the  discovery  of  the  characteristic 
heads  or  of  detached  hooklets  in  the  clear  liquid  of  the 
cyst.     Valuable  corroborative  evidence  is  furnished  by 
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the  fact  that  the  liquid  is  quite  free  from  albumin,  and, 
in  consequence,  does  not  coagulate  on  boiling. 

Trichina  Spiralis. — This  parasite  has  been  found  in 
the  flesh  of  many  different  animals  (pigs,  pigeons,  eels, 
&c.),  but  most  commonly,  by  far,  in  tliat  of  pigs.  Oxen 
and  sheep  do  not  suffer  from  attack  by  these  nematodes. 

The  shape  of  the  minute  worms  is  nearly  that  of  a 
typical  nematode,  i.e.,  a  slender  rounded  body  tapering 
gradually  at  either  end.  The  extremity  which  consti- 
tutes the  head,  proceeds  to  a  long  slender  point  having 
a  small  central  orifice — the  mouth;  the  other  extremity, 
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Flo.  W.— Trichln*  Spirnliii  enojrutwl 
!n  muKcte  (  «  iibout  40  lUunvt'-ra). 


Fill.  67.— Onr  ut  lUllwr'a  CApoIra 


the  tail,  ends  more  bluntly.  The  worms  possess  a 
distinct  alimentary  canal,  and  even  rudimentary  sexual  I 
organs  are  present.  In  the  female  a  uterus  is  discern- 
ible, which  will  frequently  be  seen  to  be  full  of  minute 
free  embryos  curved  upon  themselves;  these  latter  have 
been  observed  to  become  extruded  from  the  vagina,  and 
subsequently  to  move  sluggishly  about  the  field  of  the 
microscope.  The  male  worm  is  much  smaller  than  the 
female,  and  is  only  about  |V  inch  long  when  mature ; 
the  female  reaches  to  }  inch.  The  long  slender  head 
and  blunt  tail  are  two  characteristics  which  serve  to 
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distinguish  these  worms  from  parasites  whicli  otherwise 
resemble  them,  such  as  Dracunculus  and  Filaria  sanguinis 
Jwminis. 

The  small  worms  are  mostly  coiled  up  in  cysts,  so 
disposed  that  their  longest  diameter  is  in  a  line  with  the 
muscular  fibres;  and  a  drop  of  acid  will  stimulate  them 
to  transient  movements  if  they  are  alive.  These  cysts 
lie  between  the  muscle  fi brills,  and  their  walls  are 
sometimes  partially  or  completely  calcified,  so  as  to 
give  a  grating  sensation  when  the  finger  is  passed 
over  a  section  of  the  flesh.  This  calcareous  deposit 
serves  to  shield  the  parasites  from  the  destructive 
consequences  of  salting,  and  to  a  slight  extent  also 
from  heat  when  the  flesh  is  being  cooked.  There  may 
be  from  one  to  three  trichinae  in  a  cyst.  Frequently  25 
per  cent,  of  these  parasites  when  present  are  encysted  in 
the  diaphragm;  and  therefore,  when  possible,  a  piece  of 
this  muscle  should  be  procured.  The  back  muscles,  on 
the  other  hand,  are  the  least  attacked. 

Either  a  section  may  be  made  of  the  muscle,  or  it  may 
be  teased  out  with  needles ;  and  preferably,  in  tlie  case 
of  a  long  muscle,  a  point  near  its  insertion  should  be 
selected  for  teasing  — since  this  is  a  favourite  site  for 
encystment.  The  affected  muscle  is  seen  to  be  pale  and 
oedematous ;  and,  if  the  worms  are  encapsuled,  small, 
rounded  (or,  more  truly,  iemon-shaped),  whitish  specks, 
averaging  about  the  size  of  a  very  small  pin's  head,  are 
visible  to  the  naked  eye.  These  can  be  made  very 
distinct  by  means  of  a  hand  lens ;  but  a  low  power  of 
the  microscope  should  be  employed  in  every  case.  The 
most  characteristic  appearance  will  be  got  by  making  a 
tfiin  longitudinal  section  of  the  affected  muscle,  and 
immersing  this  in  potassic  hydrate  solution  of  medium 
strength  —  which  serves  to  make  the  muscle  fibres 
transparent,  and  leaves  the  worm  exposed  in  its  coiled 
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through  " — i.e.,  thoroughly  cooked  through  the  centre — 
or  some  of  the  parasites,  especially  when  shielded  by 
calcareous  walls,  may  escape  the  temperature  necessary 
to  destroy  them— that  of  150'  F. 

There  are  certain  small  semi-transparent  bodies, 
called  "psorospermia,"  or  "  Rainey's  capsules,"  which 
somewhat  closely  resemble  trichinae,  presenting  as  they 
do  small  dark  oval  or  elliptical  bodies,  of  greater  lengths, 
however,  than  encysted  trichniae.  They  are  made  up 
of  a  thick  membrane,  formed  by  small  hairlike  fibres 
arranged  in  lines,  which  encloses  small  oval— or, 
rather,  kidney-shaped — granular  cells,  closely  adherent 
together;  and  the  whole  lies  embedded  in  the  muscle 
substance  itself,  i.e.,  the  sarcolemma.  They  are  ex- 
tremely common,  and  may  exist  in  the  flesh  of  most  of 
the  animals  used  for  human  consumption,  and  appar- 
ently when  eaten  they  do  no  harm. 

Several  more  obscure  bodies,  the  nature  and  signifi- 
cance of  which  we  are  still  more  ignorant  of,  may  exist  in 
flesh,  such  as  bodies  somewhat  resembling  pus  cells,  and 
others  forming  minute  concretions  or  tiny  hard  nodules. 
Interesting  as  these  are  pathologically,  they  are  rare,  and 
when  present  even  in  considerable  n  ambers  do  not  appear 
to  affect  the  wholesomeness  of  the  meat  to  any  degree. 

Actinomycosis. — The  "ray-fungus"  (actinomycosis), 
one  of  the  "  fission  fungi,"  is  now  becoming  recognised 
as  a  parasite  of  commoner  occurrence  in  the  ox  than 
was  once  suspected.  The  difliculties  which  stood  in  the 
way  of  an  earlier  appreciation  of  this  fact  arose  from 
the  circumstance  that  both  the  ante-  and  post-mortem 
appearances  of  the  disease  closely  simulate  those  of 
tuberculosis. 

It  has  not  yet  been  proved  that  the  disease  can  be 
communicated  by  the  flesh  of  animals  (bovines)  suffering 
from  an  attack,  for  the  vitality  of  the  fungus  when  ex- 


4i6 


HYGIENE    AND    PUBLIC    HEALTH. 


posed  to  heat  is  very  slight.  The  subject  is  of  such 
interest  and  importance,  however,  that  a  few  additional 
facts  are  appended. 

The  parasites  almost  entirely  affect  the  tongue,  the 
jaws  (especially  the  lower  one),  and  the  lungs,  where 
they  may  be  detected,  by  the  naked  eye,  as  small  dirty 
white  specks  commonly  about  the  size  of  a  very  small 
pea,  but  varying  from  the  tiniest  speck  up  to  i  inch 
in  diameter.  The  parasites  assume,  when  encysted,  a 
peculiar  symmetrical  appearance,  due  to  the  fact  that 
they  consist  of  small  linear  elements,  thicker  at  one 
extremity  than  at  the  other,  and  are  so  arranged  that 
their  smaller  extremities  are  all  directed  towards  a 
central  point ;  the  stellate  or  rayed  appearance  thus 
created  is  sometimes  remarkably  regular  and  uniform. 
The  tongue  when  afTected  is  hard  and  swollen,  and  pre- 
sents the  flattened  nodules  chiefly  upon  its  dorsal  aspect. 
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PlO.  tS.— Diitanu  Iwpaticuui  (nAtural  «lxv|. 

DtSTOMA  Hepaticum. — To  examioe  for  these  parasitic 
treniatodes  the  liver  should  be  taken,  and  the  bile  ducts 
carefully  exposed.  The  parasites  will  be  found  as  small 
organisms  of  a  pale  brown  colour,  in  shape  like  little 
soles,  and  provided  at  their  broad  extremity  with  a 
sucker  for  attachment  to  the  walls  of  the  bile  ducts. 
Their  surfaces  are  beset  with  many  little  warty  points, 
and  they  average  in  size  from  i  to  i|  inches  in  length, 
and  about  ^  inch  in  width  ;  they  generally  attach  them- 
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selves  to  the  biliary  ducts,  but  they  may  be  found  also 
in  the  parenchyma  of  the  liver. 

The  Life-histories  of  the  Animal  Parasites  of  Man. 

Tenia  solium. — Portions  of  the  rijje  proglottides  of  the 
fully  matured  tape  v^orm  are  swallowed  by  pigs,  or  more 
rarely  by  dogs,  monkeys,  or  man.  Very  commonly  the 
ova  they  contain  escape  and  become  scattered — some 
into  water,  others  upon  grass  or  vegetables,  where  they 
may  certainly  survive  for  some  days.  If  the  eggs  are 
ingested,  on  reaching  the  stomach  the  shell  becomes  dis- 
solved by  the  gastric  juice,  and  the  embryo  (a  globular 
body  armed  with  three  pairs  of  booklets)  bores  its  way 
through  the  stomach  or  intestinal  walls,  and  finally 
comes  to  rest  in  some  part  of  the  body.  It  then  grows 
in  size,  loses  its  six  booklets,  and  after  a  time  develops  a 
head  provided  vrith  four  suckers,  and  armed  with  a 
circle  of  minute  booklets  ("bladder  w^orm,"  or  Cystieerctis 
cellulosa-).  The  head  grows  out  from  the  inside  of  the 
bladder,  to  the  wall  to  which  it  is  attached  by  a  con- 
stricted part  known  as  the  neck  or  pedicle.  The  parasite 
may  remain  in  this  condition  for  long  periods,  or  may 
shrivel  up  and  die,  for  it  is  incapable  of  further  develop- 
ment until  it  is  ingested  by  a  carnivorous  animal.  When 
this  occurs,  on  reaching  the  alimentary  canal,  it  projects 
its  head  and  neck  (by  invagination),  the  bladder  part  is 
dissolved  by  the  gastric  juice,  and  very  shortly  trans- 
verse lines  appear  on  the  neck,  which  increase  in  size 
and  so  separate  from  each  other,  until  after  a  few  weeks 
a  jointed  adult  tape  worm  results,  with  proglottides 
charged  with  ova  ready  to  commence  a  fresh  cycle. 

The  life-histories  of  Tenia  mediocanellata  and  Both- 
riocephalus  tains  are  similar  to  that  of  T.  solium  ;  but  the 
bladder  worm  of  the  Bothriocephahs  latus  is  supposed  to 
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inhabit  some  species  of  fish  (perch,  pike,  and  salmon 
trout  ?),  or  possibly  a  fresh  water  mollusc. 

Distoma  lupatkum. — The  ova  develop,  in  water,  into 
ciliated  embryos,  and  these  undergo  in  small  water 
snails  (Limnaus  triincatiilus)  a  further  development  into 
larv£H.  These  larvae  ultimately  become  little  organisms 
resembling  tadpoles  (cercaria),  which  either  remain  en- 
cysted in  water  snails,  or  leave  them  and  become 
attached  to  grass.  They  are  generally  taken  up  by 
grazing  sheep,  but  very  rarely  man  also  becomes  a  host. 

Titnia  fchinococcits. — Of  the  three  or  four  segments  of 
this  tape  worm  the  last  one  only  contains  sexual  organs. 
The  ova  #re  discharged  with  the  fseces  (commonly  of 
dogs),  and  they  probably  infect  cattle,  swine,  and  man 
through  the  medium  of  water  or  raw  vegetables.  On 
entering  the  stomach  the  gastric  juice  dissolves  the  shell 
of  the  ova,  and  liberates  the  embryos,  which  possess  six 
booklets  in  two  rows ;  by  means  of  these  booklets  the 
embryo  bores  its  way  through  the  walls  of  the  intestine 
and  develops,  chiefly  within  the  liver,  into  so-called 
"  hydatid  cysts " ;  I'.f.,  the  booklets  are  lost,  and  the 
formerly  solid  embryo  swells  out  into  a  vesicle.  Gener- 
ally a  number  of  protrusions  ("daughter  cysts")  grow 
from  the  interior  of  the  vesicle,  which  itself  forms  a  cyst 
(•'mother  cyst").  To  the  mother  cyst  the  daughter 
cysts  are  attaclied  by  a  pedicle,  which  ultimately  l)ecomcs 
detached.  Each  "daughter  cyst"  may  develop  "grand- 
daughter cysts,"  and  thus  the  original  echinococcus  may 
become  full  of  small  cysts  of  varying  sizes  ("  pill-box 
hydatids").  Finally  the  little  buds  develop  into  "brood 
capsules,"  i.e.,  thin  walled  sacs  which  remain  attached 
by  a  pedicle,  each  sac  developing  a  number  of  heads, 
with  four  suckers  and  a  tow  of  booklets  apiece. 

Thus  the  encysted  form  of  these  parasites  possesses 
the  distinguishing  feature  of  bein^  able  to  give  rise  to 


a  large  number  of  scolices,  most  of  which  are  capable  of 
developing  into  the  adult  worm  when  they  enter  another 
host. 

Rarely  the  hydatid  throws  out  protrusions  externally. 

Ascaris  htmhruoidcs  (the  round-worm). — The  ova  of  the 
females  are  discharged  with  the  faeces  of  the  host,  and 
then  they  become  capable  of  furnishing  embryos,  a 
power  not  hitherto  possessed.  The  embryos  probably 
have  an  independent  existence  {possibly  in  water  or  in 
some  intermediate  host — such  as  worms  or  insects) 
before  again  entering  the  human  body,  and  completing 
their  development.  The  parasites  inhabit  the  small 
intestine,  are  of  a  brownish-yellow  colour,  and  are  most 
commonly  met  with  in  people  who  live  amid  dirty  sur- 
roundings. 

Oxyuris  vermicularis.  —  These  fine,  white,  thread-like 
parasites  occupy  the  large  intestine.  The  ova,  unlike 
those  of  A.  liimbficoides,  contain  embryos  prior  to  their 
discharge  ;  but  probably  these  are  incapable  of  further 
development  until  they  have  passed  with  the  faeces, 
when  they  may  reinfect  the  same  individual  or  others 
occupying  the  same  bed,  &c.,  or  may  pass  into  water, 
or  become  deposited  upon  vegetables  and  fruit,  and 
thus  again  become  ingested. 

The  life  histories  of  Tricocephalus  dispar  (whip-worm) 
and  Sdcroiiomitm  duodenah  (common  in  Egypt  and 
Brazil)  have  not  yet  been  definitely  ascertained.  It  is 
not  yet  certain  by  what  vehicle  the  ova  of  the  females 
(which  develop  in  man)  infect  their  host,  or  whether  in 
either  case  there  is  an  intermediary  stage  of  develop- 
ment of  the  parasite. 

Bilharzia  hirmatohia. — The  male  is  a  white  flattened 
worm,  i  inch  in  length  ;  posteriorly  the  sides  of  the 
parasite  curve  towards  each  other,  and  meet  to  form  a 
phannel,  in  which   the   long  slender   female  (^  inch  in 
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length)  lies  during  fecundation.  The  ova  possess  a 
beak,  which  generally  projects  from  one  end,  but  some- 
times laterally.  These  ova  may  be  hatched  before  the 
parasite  leaves  the  tissues  of  the  original  host,  but  the 
embryos  are  not  born  until  afterwards.  If  the  ova  find 
their  way  into  water,  their  walls  swell  up  and  rupture, 
and  the  minute  embryos  escape,  armed  with  cilia,  which 
serve  to  project  them  through  the  water.  Probably  the 
embryo  becomes  attached  to  some  fresh  water  mollusc 
(or  possibly  some  fish),  and,  developing  into  a  cercaria 
form,  is  ingested  as  such  by  man,  and  then  completes 
its  cycle  of  development. 

I     Trichina  spiralis. — When  trichinous  meat  is  consumed, 

the  trichina  embryos  (averaging  a   little  over  O'l  mm, 

in  length),  which  resemble  small  hlariae,  l)ore  their  way 

tluough   the  intestines  and  reach  the  tissues.     They 

always  become  encysted  in  muscle  fibres,  where  they 

increase  in   size  (up  to  0-6  to  i    mm.  in   length),  and 

acquire  an  alimentary  canal   and  sexual  organs.     The 

•  encysted  worms  remain  quiescent  for  long  periods,  and 

[may  ultimately  die  ;  but  if  trichinous  flesh  is  eaten  they 

[give  origin,  through  their  embryos,  to  a  fresh  cycle  of 

[  existence. 

Ilorse/lesh. 

Hy  the  Horseflesh  Act  similar  powers  to  those  of  the 
iPublic  Health  Act  (1875)  ^^^  given  as  to  the  inspection, 
examination,  and  seizure  of  horseflesh  sold  for  human 
^^food,  and  which  is  not  legibly  labelled  "  Horseflesh." 
^klt  becomes  necessary,  therefore,  in  order  to  check  fraud, 
^uo  be  familiar  with  the  chief  difTtrcnces  which  exist 
^■between  the  meat  of  the  ox  and  that  of  the  horse.  In 
^Bliorscflcsh  the  meat  is  of  a  darker  red,  and  sometimes 
brownish  in  hue  ;  it  is  coarser — the  muscular  fasciculi 
being  broader — th^n  in  oxflesh ;  the  odour  of  the  fresh 
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meat  is  different,  and  after  the  lapse  of  a  day  or  two, 
as  the  flesh  dries,  it  develops  a  peculiar  faint  odour,  and 
imparts  a  soapy  feeling  to  the  fingers.  The  fat  is  more 
yellow  and  soft,  and  possesses  a  sickly  taste,  and,  in 
consequence,  it  is  sometimes  removed  and  replaced  by 
ox  fat,  which  is  skewered  on  to  the  meat.  If  the  bones 
have  not  been  removed,  they  will  afford  an  additional 
clue,  inasmuch  as  they  are  larger,  and  their  extremities 
(tuberosities,  &c.,  for  the  attachment  of  muscles  and 
ligaments)  are  larger  and  more  marked,  these  signs 
being  additional  to  some  anatomical  differences  in  the 
construction  of  the  horse's  skeleton.  For  this  reason 
horseflesh  is  usually  boned  before  it  is  offered  for  sale 
as  beef. 

The  tongue,  kidney,  and  the  liver  of  the  horse, 
together  with  some  other  organs,  are  also  occasionally 
made  to  do  duty  for  the  corresponding  organs  in  the 
ox.  The  tongue  of  the  horse  is,  however,  broad  and 
rounded  at  its  free  end,  instead  of  pointed,  as  in  the 
ox  ;  and  if  the  hyoid  bone  is  attached,  it  is  found  to  be 
made  up  of  five  parts,  whereas  that  of  the  ox  consists  of 
nine.  The  epiglottis  is,  moreover,  smaller  and  more 
pointed  in  the  horse.  The  iiver,  whether  of  the  ox  or 
sheep,  consists  of  one  very  large  lobe  and  another  rela- 
tively small  one;  in  the  horse  there  are  three  large 
and  distinct  lobes,  and  there  is  no  gall  bladder.  The 
kidney  of  the  horse  is  more  heart-shaped  and  cannot  be 
mistaken  for  the  long  lobulated  kidney  of  the  ox. 

The  heart  of  the  horse  differs  from  that  of  the  ox  in 
being  less  conical,  darker,  softer,  and  with  less  fat  at 
its  base. 

CooktHg, 

The  cooking  of  meat  is  necessary  (i)  to  destroy  any 
noxious   organisms   or   poisonous   bodies   that  may  be 
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present  in  raw  meat ;  (2)  to  preserve  it  from  putrefac* 
tive  changes  by  heat  sterilization  ;  and  (3)  to  increase 
its  digestibility  and  produce  that  palatability  which  a 
civilized  taste  demands.  In  all  cooking  processes  meat 
loses  weight,  usually  from  20  to  30  per  cent.  In  boiling 
a  joint,  the  meat  should  be  plunged  into  boiling  water 
for  five  minutes  to  coagulate  the  outside  albumin  and 
retain  the  salts,  extractives,  and  soluble  substances  in 
the  interior.  The  remainder  of  the  boiling  should  be 
conducted  at  a  temperature  below  170°  F. — which  is 
the  temperature  at  which  most  of  the  albuminates 
coagulate  — in  order  that  the  meat  may  not  become 
tough,  dry,  and  indigestible.  On  the  other  hand,  in 
making  broth  the  meat  should  be  cut  into  small  pieces, 
and  placed  in  cold  water,  which  is  gradually  warmed  to 
150°  F.;  in  this  way  the  salts  and  extractive  matters 
pass  out  of  the  meat  into  the  broth,  together  with  a 
certain  proportion  of  the  more  soluble  albuminates. 
A  fmal  heating  to  a  boiling  temperature  is  advisable, 
if  there  is  any  suspicion  of  taint  in  the  stock  meat,  in 
order  that  putrefactive  organisms  may  be  destroyed. 

In  baking  and  roastiMg,  the  joint  of  meat  should  first 
be  subjected  to  an  intense  heat,  to  coagulate  the  outside 
albumin  and  retain  the  soluble  juices.  After  a  few 
minutes  the  temperature  should  be  lowered,  and  the 
roasting  or  baking  completed  at  180'  F.  to  200'  F. 
The  usual  rule  is  to  allow  a  quarter  of  an  hour  for  every 
pound  of  meat.  Aromatic  products  are  formed  in 
roasting  and  baking  which  are  volatilized  ;  some  of  the 
fat  is  melted  and  flows  out  of  the  joint  together  with 
gelatine  and  extractives  to  form  the  gravy. 

The  gas  cooking  ovens,  which  have  now  come  so 
largely  into  use,  present  several  advantages  over  kitchen 
ranges  heated  by  coal.  They  arc  very  cleanly ;  the 
temperature  of  the  oven  can  be  regulated  with  great 
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nicety  by  adjusting  the  consumption  of  gas ;  there  is 
the  convenience  of  the  oven  being  ready  for  use  in  a 
few  minutes  after  tlie  gas  is  lighted  ;  and  as  soon  as  the 
cooking  is  finished  the  gas  can  be  turned  out.  It  is  very 
difficult  to  distinguish  between  a  joint  of  meat  baked  in 
a  gas  oven  and  one  roasted  before  an  open  fire,  if  the 
gas  oven  is  properly  ventilated  and  a  flue  is  provided  to 
carry  ofT  the  products  of  combustion.  If  the  ventilation 
is  insufhcient  either  in  a  gas  oven  or  ordinary  close 
range  oven,  the  meat  becomes  sodden  in  its  own  vapours, 
and  in  the  case  of  the  gas  oven  also  with  the  gas  pro- 
ducts, which  give  it  a  disagreeable  taste  and  odour. 
Gas  cooking  stoves  should  be  provided  with  Bunscn 
burners,  arranged  round  the  side  of  the  oven  at  the 
bottom ;  and  the  oven  walls  should  be  double,  the 
space  between  the  plates  being  well  packed  with  slag 
wool  to  prevent  the  radiation  of  heat.  No  soot  is 
formed  in  gas  cooking,  and  there  are  no  dust,  ashes, 
and  dirt,  as  in  a  coal  cooking  range. 

'Slesit  CAn  be  preserved  by  drying  in  strips  in  the  sun, 
called  jerking;  by  salting  ;  by  canning, «'.«.,  by  boiling 
the  meat  in  tins,  which  are  hermetically  sealed  by 
soldering  at  the  boiling  temperature,  aii  germs  being 
destroyed  by  the  process  of  boiling,  which  -should  be 
repeated  more  than  once  to  kill  the  spores ;  and  by 
refrigeration  in  the  raw  state — a  process  now  very 
largely  used,  the  refrigeration  chambers  on  board  ship 
permitting  of  the  importation  into  this  country  of  meat 
from  South  America  and  the  Australian  colonies.  The 
last  process  is  by  far  the  best,  as  the  freshness  and 
nutritive  value  of  the  meat  remain  unaltered.  It  is 
almost  impossible  for  anyone  to  distinguish  a  New 
Zealand  joint  of  mutton  from  the  home  product — if  it 
is  properly  thawed  before  being  cooked.  The  low 
temperature  of  the  ice  house  (not  less  than  6'  F.  below 
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^freezing  point)  does  not  destroy  bacteria — the  agents 
of  putrefaction — hut  prevents  their  development.  The 
preservation,  for  many  ages,  of  the  Siberian  mammoth 
in  its  icy  casing  is  a  notable  example  of  the  antiseptic 
properties  of  great  cold. 

Frozen  meat  can  generally  be  distinguished  by  the 
uniform  colour  of  the  meat,  even  the  fat  being  stained 
by  the  exuded  juices  from  the  lean  parts.  The  external 
surface  of  the  meat  is,  moreover,  duller  and  browner 
than  that  of  fresh  meat,  and  the  joints  are  not  usually 
so  well  dressed  as  in  the  case  of  home  killed  meat. 
American  killed  carcases  can  generally  be  told  by  the 
bruises  about  the  legs,  by  which  the  animals  are  hoisted 
.prior  to  slaughter. 


t 


Effects  of  Diseased  or  Unsound  Meat. 


It  was  formerly  believed  that  thoroughly  cooked  meat 
■  is  not  likely  to  produce  any  injurious  effects,  even  when 
derived  from  a  diseased  animal,  or  after  putrefactive 
changes  have  commenced  in  it ;  but  the  most  recent 
research  rather  tends  to  show  that  meat  which  is  derived 
from  a  diseased  animal,  or  which  has  Ijecome  tainted  by 
the  presence  of  putrefactive  bacteria,  may  possibly  be 
cooked  suflicienlly  to  destroy  the  microbes  themselves, 
whilst  the  ferments  generated  by  the  microbes  give  rise 
to  poisonous  substances  unaffected  by  cooking.    Tainted 

»tneat,  eaten  hot,  is  often  harmless,  but  taken  cold  may 
produce  symptoms  of  poisoning,  the  bacterial  ferments 
having  had  time  to  act  upon  the  albuminous  substances 
of  the  meat.     The  temperature  employed  in  boiling  or 

Emay.  therefore,  be  inadequate  to  destroy  the 
lus  properties  such  meat  in  a  raw  state  may 
.  Where  the  meat  is  only  partially  cooked,  and 
ane  in  the  centre,  danger  is  still  more  likely  to 
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arise;  and  in  such  cases  symptoms  of  poisoning, 
occasionally  ending  fatally,  have  been  observed  in 
those  who  have  partaken  of  decomposing  food.  A 
large  number  of  instances  of  meat  poisoning  have 
been  connected  with  the  consumption  of  sausages, 
pies,  and  hams  (Welbeck,  Nottingham,  &c.).  The 
S3nnptoms,  which  in  most  cases  supervene  in  from  six 
to  eight  hours,  are  those  of  violent  irritation  of  the  ali- 
mentary tract,  and  are  characterized  by  acute  vomiting, 
diarrhoea  and  colic,  increased  mucous  secretions,  cramps 
in  the  extremities,  and  failure  of  the  heart's  action. 
Whether  these  symptoms  are  produced  by  putrefactive 
bacteria  or  special  bacilli  in  the  food,  or  by  the  products 
of  their  action  upon  albuminous  substances— the  poison- 
ous alkaloids,  ptomaines,  and  atbumoses^t  is  impossible 
to  say.  The  latter  explanation  appears  to  have  some 
probability  from  the  fact  that  these  attacks  are  very 
sudden  in  their  onset,  and  commence  very  shortly  after 
partaking  of  what  is  often  apparently  wholesome  and 
fresh  food — pointing,  therefore,  rather  to  the  action  of  a 
chemical  poison  than  of  a  bacterial  organism  requiring 
time  for  its  growth  and  development — and  that  the 
symptoms  of  poisoning  by  the  alkaloid  muscarine  pre- 
sent very  nearly  identical  features  with  those  observed 
in  these  cases. 

Besides  a  muscarine-like  poison,  there  appears  to  be 
another  poison  formed  in  decomposing  flesh,  which  pro- 
duces symptoms  analogous  to  those  of  atropine,  viz., 
quickened  pulse,  paralysis  of  the  muscles  of  the  eyeball, 
difficulty  of  swallowing,  constipation,  and  diminished 
secretion  from  the  mucous  membranes.  This  poison 
exerts  an  antagonistic  effect  upon  the  muscarine-like 
poison ;  and  in  different  cases  one  of  these  poisons 
may  predominate  over  the  other,  and  produce  its 
characteristic  symptoms  more  or  less  modified.     The 
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group  of  symptoms  similar  to  those  occurring  in  atro- 
pine poisoning  give  rise  to  the  condition  known  as 
"  botulism,"  from  the  circumstance  that  they  have  been 
most  frequently  observed  as  the  result  of  eating  bad 
sausages  (botulus — a  sausage).  This  condition  is  to  be 
distinguished  from  allied  conditions  wliich  are  character- 
ized almost  exclusively  by  gastrointestinal  symptoms, 
and  mostly  due  to  bacteria  resembling  the  B.  enterilidis 
of  Gartner.  The  former  condition  is  one  of  intoxication 
and  not  of  infection — as  shown  by  the  fact  that  watery 
extracts  of  the  meat  rendered  germ-free  by  filtration, 
kill  the  experimental  animals  as  rapidly  as  those  that 
are  left  unsterile  (Van  Ermengem).  The  presence  of 
these  alkaloidal  substances  may  possibly  account  for 
the  ill  effects  produced  by  eating  oysters,  mussels,  and 
some  kinds  of  fish,  such  as  mackerel,  when  out  of  season, 
and  pork  in  hot  climates. 

There  is  a  form  of  infective  fever  closely  allied  to 
enteric  fever,  the  specific  organism  concerned  {li.  rnttri' 
tidis)  being  first  described  by  Gartner  as  the  cause  of  an 
outbreak  of  illness  in  1888  aflfecting  fifty-eight  people,  of 
whom  one  died.  The  illness  was  directly  traced  to  the 
consumption  of  the  flesh  of  an  ox,  which  had  prior  to 
death  suffered  from  dtarrhrea.  Many  outbreaks  of  so- 
called  meat  poisoning  appear  to  have  been  due  to  the 
presence  of  this  bacillus  in  the  insufficiently  cooked 
meat  of  diseased  animals. 

The  balance  of  evidence  is,  however,  in  favour  of 
diseased  meat  from  cattle,  sheep,  and  pigs  being  eaten 
with  impunity,  if  thoroughly  cooked.  But  there  can  be 
no  reason  why  diseased  meat  should  be  allowed  to  Iw 
used  for  human  consumption,  and  it  is  very  properly 
condemned  in  this  country  wherever  exposed  for 
sale. 

There  arc  certain  diseases  of  animals  which  are  known 
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to  be,  or  believed,  on  good  grounds,  to  be  transmissible 
to  man.  These  are  anthrax  or  malignant  pustule, 
tubercle,  foot  and  mouth  disease,  rabies,  glanders  and 
farcy  in  horses,  Cysticercus  celltdosa  and  hovis  in  the  pig 
and  ox  respectively,  and  Trichina  spirtUis  in  the  pig. 
With  the  exception  of  cysticercus  and  trichina  all  these 
diseases  are  far  more  frequently  transmitted  to  man  by 
other  means  than  by  the  consumption  of  diseased  flesh. 
But  it  must  be  remembered  that  such  transmission  is 
possible  in  respect  of  several  diseases,  and  would 
probably  be  much  more  frequent  than  it  is,  were  it  not 
for  the  precautions  taken  to  prevent  the  sale  of  unsound 
meat,  and  for  the  safeguard  of  cooking.  In  all  other 
diseases  it  is  generally  held  to  be  sufficient  to  condemn 
the  affected  parts,  if  the  rest  of  the  carcase  appears 
healthy. 

In  investigating  a  case  of  food  poisoning,  it  is  best  to 
enter  on  a  paper  every  article  that  has  been  consumed 
in  the  affected  household  or  households,  and  then  by  a 
process  of  exclusion  to  determine  the  article  or  articles 
that  have  been  eaten  in  common  by  the  sufferers.  The 
article  must  then  be  traced  and  secured,  and  the  correct- 
ness of  the  conclusion  confirmed  by  feeding  experiments 
with  it  on  one  of  the  lower  animals. 

The  Report  of  the  Royal  Commission  (1895)  appointed 
to  inquire  into  the  effect  of  food  derived  from  tuber- 
culous animals  on  human  health,  is  worthy  of  careful 
study.  As  regards  the  prevalence  of  tuberculosis  in 
food  animals  the  records  of  the  Copenhagen  and  Berlin 
slaughter  houses  show  that  from  15  to  18  per  cent,  of  the 
oxen  and  cows  slaughtered  are  tuberculous,  of  calves 
only  from  o-i  to  o'2  per  cent,  are  tuberculous,  of  sheep 
only  0*0003  to  0*0004  per  cent.,  and  of  swine  1-55  to 
15-3  per  cent.,  the  latter  figure  applying  to  the  Copen- 
hagen and  the  former  to  the  Berlin  swine.      For  milch 
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cows  there  are  no  figures  available  on  a  large  scale ;  but 
of  300  milch  cows  which  were  slaughtered  in  Edinburgh 
in  1890,  on  account  of  the  appearance  of  epidemic 
pleuro- pneumonia  there,  120,  or  40  per  cent.,  were  found 
to  bo  tuberculous  on  post-mortem  examination.  There 
is  no  doubt  that  milch  cows  suffer  far  more  frequently 
than  oxen,  heifers,  or  bulls,  and  that  tuberculosis  is 
more  frequently  found  in  the  carcases  of  cows  than  in 
any  other  animal  slaughtered  for  sale.  From  the  experi- 
ments made  for  the  Commission  by  Dr.  Sidney  Martin, 
it  would  appear  that  tuberculous  deposits  are  but  seldom 
found  in  the  meat  substance— the  muscular  tissue — of 
the  carcase  of  an  affected  animal.  They  are  principally 
found  in  the  organs,  membranes,  and  glands.  In  cases 
of  mild,  moderate,  and  localized  tuberculosis,  if  great 
care  is  exercised  to  prevent  smearing  and  contamination 
of  the  meat  by  caseous  or  other  tuberculous  material 
adhering  to  the  butcher's  hands,  knives,  and  cloths,  there 
is  no  reason  why  such  meat  should  not  be  used  for 
human  consumption.  As  at  present  practised,  however, 
in  this  country,  the  slaughtering  of  a  tuberculous  animal 
almost  necessarily  involves  the  contamination  of  the 
surfaces  of  the  joints  of  meat  with  infective  tubercular 
material.  In  cases  of  generalized  tuberculosis,  not  only 
is  the  risk  of  contamination  of  the  meat  in  dressing  the 
carcase  greatest,  but  there  is  also  no  certainty  that 
tubercular  material  may  not  be  present  in  the  muscular 
substance,  or  in  glands  in  the  connective  tissue  between 
the  muscles,  and  consequently  the  carcases  of  animals 
so  affected  should  be  condemned  and  destroyed. 

The  necessity  for  skilled  and  well  (rained  meat  inspec- 
tors is  dwelt  upon  by  the  Commissioners,  who  were  of 
opinion  that  the  following  principles  should  lie  observed 
in  the  inspection  of  tuberculous  carcases  of  cattle : — 
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'  (a)  When  there  is  miliary  tuberculosis  of 
both  lungs 

(J)  When  tuberculous  lesions  are  present 
on  the  pleura  and  peritoneum 

(f)  When  tuberculous  lesions  are  present 
in  the  muscular  system  or  in  the  lym- 
phatic glands  embedded  in  or  between 
the  muscles 

(rf)  When  tuberculous  lesions  exist  in  any 
part  of  an  emaciated  carcase 


The  entire  carcase 
and  all  the  organs 
may  be  seized. 


"  (o)  When  the  lesions  are  confined  to  theX 

lungs    and    the    thoracic     lymphatic  I  _,  .,     , 

,      ,  I     ^  carcase  if  other- 

wise  healthy,  shall 

not  be  condemned; 

but  every  part  of  it 

containing    tuber- 

culouslesions  shall 


glands 
(b)  When  the  lesions  are  confined  to  the 

liver     ....... 

(()  When  the  lesions  are  confined  to  the 

pharyngeal  lymphatic  glands 
{d)  When  the  lesions  are  confined   to  any 

combination  of  the  foregoing,  but  are 

collectively  small  in  extent  .         ./ 


} 


be  seized. 


"  In  view  of  the  greater  tendency  to  generalization  of  tuberculosis 
in  the  pig,  we  consider  that  the  presence  of  tubercular  deposit  in  any 
degree  should  involve  seizure  of  the  whole  carcase  and  of  the  organs. 

"  In  respect  of  foreign  dead  meat,  seizure  shall  ensue  in  every  case 
where  the  pleurae  have  been  *  stripped.'  " 

As  regards  cow's  milk,  the  Commissioners  found  that 
there  was  no  evidence  of  danger  to  the  consumer,  even 
when  the  milk  is  derived  from  a  tuberculous  animal,  so 
long  as  there  is  no  disease  of  the  udder.  But  the  affec- 
tion of  the  udder  may  he  present  in  a  cow  not  otherwise 
markedly  affected  with  tuberculosis;  and  the  infection 
once  implanted  in  the  udder  may  spread  with  alarming 
rapidity.  The  milk  of  cows  with  tuberculosis  of  the 
udder  possesses  a  high  degree  of  virulence;  and  is 
virulent  even  when  no  tubercle  bacilli  can  be  demon- 
strated in  it. 

The   Commissioners    held    that    all   udder    diseases 
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should  be  notified,  and  that  anyone  selling  milk  from  a 
cow  with  diseased  mammary  glands  should  be  liable  to 
a  heavy  penalty ;  they  advocate  systematic  inspection 
of  cows  by  veterinarians  as  a  means  to  this  end.  This 
recommendation  was  given  effect  to  by  the  Dairies,  Cow- 
sheds, and  Milkshops  Order  of  1899,  ^y  which  Article 
15  of  the  Order  of  1885  is  altered,  so  that  the  expressions 
in  the  article  which  refer  to  disease  shall  include,  in  the 
case  of  a  cow,  such  disease  of  the  udder  as  shall  be 
certified  by  a  veterinary  surgeon  to  be  tubercular.  Such 
tubercular  disease  of  the  udder  ought  to  be  susp)ected 
when  a  painless  hard  lump,  slowly  enlarging,  can  be 
detected  in. one  or  more  of  the  quarters. 

Further  recommendations  of  the  Commissioners  were 
to  the  effect  that  stock  owners  should  be  encouraged  to 
test  animals  by  the  gratuitous  supply  of  tuberculin,  and 
the  offer  of  the  services,  free  of  charge,  of  a  veterinary 
surgeon  ;  that  better  sanitary  conditions  should  be  en- 
forced in  cowsheds;  that  the  closing  of  private  slaughter 
houses,  and  the  enforced  use  of  public  slaughter  houses 
should  be  brought  about,  to  ensure  a  uniform  and  equit- 
able system  of  meat  inspection ;  and  that  foreign  meat 
should  be  required  to  bear  a  mark  of  inspection  and 
approval  stamped  upon  it  at  the  time  of  killing,  They 
do  not  recommend  compensation  to  the  owners  of  con- 
demned carcases. 

The  influence  of  cooking  upon  tuberculous  meat  and 
milk  was  investigated  by  Dr.  Woodhead,  who  arrived  at 
the  following  conclusions:  "In  the  boiling  and  roasting 
experiments,  as  ordinarily  carried  out  in  the  kitchen, 
the  temperature,  however  high  it  may  l>e  near  the 
surface,  seldom  reaches  140°  F.  in  the  centre  of  a  joint, 
except  in  the  case  of  joints  under  6  fiounds  in  weight. 
Ordinary  cooking  is  quite  sufficient  to  destroy  any 
smeared  (infective)  material  that  remains  on  the  outer 
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surface  of  the  meat,  but  it  cannot  be  relied  upon  in  the 
slightest  degree  to  render  innocuous  the  same  smeared 
material  when  in  the  centre  of  a  roll."  Rolled  meat/ 
the  central  parts  of  which  had  become  smeared  by 
tubercular  matter,  were  not  sterilized  by  any  process 
of  cooking,  unless  the  roll  was  less  than  4  pounds  in 
weight.  The  least  reliable  method  of  cooking,  qud 
sterilization,  is  roasting  before  the  fire,  next  comes 
roasting  in  an  oven,  and  then  boiling. 

Probably  tuberculosis  is  not  conveyed  through  the 
consumption  of  the  flesh  of  tuberculous  animals  to  any 
great  extent.  This  view  is  supported  by  the  fact  that 
the  reduction  in  the  mortality  from  tuberculosis  has 
been  very  marked  during  the  age-periods  in  which  meat 
is  most  largely  consumed ;  and  the  enormous  reduction 
in  mortality,  between  1851  and  1895,  has  been  coin- 
cident in  point  of  time  with  an  enormous  increase  in  the 
amount  of  meat  consumed  in  this  country. 

As  regards  the  sterilization  of  tubercular  milk,  it 
would  appear  that  absolute  safety  is  only  to  be  attained 
by  raising  the  milk  actually  to  the  boiling  point.  The 
Commissioners  were  of  opinion  that  the  innocence  of 
tubercular  milk  treated  in  this  manner  was  not  entirely 
demonstrated  to  their  satisfaction.  When  the  tuber- 
culous material  in  milk  is  raised  to  temperatures  in- 
sufficient for  the  actual  destruction  of  the  virus,  it  is 
possible  to  obtain  from  the  most  deadly  tuberculous 
material  a  weaker  sort  of  tuberculous  matter,  so  tardy 
in  its  operation  upon  test  animals  as  to  simulate  the 
slower  forms  of  consumption  seen  in  the  human  subject, 
or  when  used  to  feed  pigs — animals  having  some 
specialities  of  throat  (tonsillar)  structure  like  that  of 
man— giving  rise  to  chronic  enlargements  of  the  cervical 
glands,  resembling  the  scrofulous  glands  so  common  in 
cbildr^'   These  observations,  the  Commissioners  think, 
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are  suggestive  of  the   possibility  of  widely  prevalent 
forms  of  human  tuberculosis  having  an  origin  in  milk.     U 

Bovine  and  porcine  cysticerci,  which  develop  Tania^ 
mediocantllata  and  Tirnia  solium  respectively  in  man,  are 
probably  little  aflected  by  salting  and  smoking.  There 
is  good  ground  for  believing  that  exposure  for  some 
minutes  to  a  temperature  above  150°  F.  destroys  them. 
The  same  may  be  said  for  the  Trichina  spiralis;  only  the 
temperature  must  be  somewhat  higher,  as  the  worm  is 
surrounded  by  a  dense  capsule  which  prevents  the  heat 
reaching  it. 

The  meat  of  animals  which  have  been  slaughtered 
in  the  early  stages  of  acute  inflammatory  disease  and 
epidemic  pleuro-pncumonia  is  probably  quite  wholesom^H 
if  well  cooked,  unless  the  animals  have  been  druggedS 
with  medicines  before  killing.  The  evidence  as  regards 
the  possible  bad  effects  from  the  use  of  meal  taken  from 
animals  which  have  suffered  from  rinderpest  or  cattle^ 
plague,  braxy  or  splenic  apoplexy  (sheep),  and  small^ 
pox  (sheep),  is  conflicting. 

A  certain  amount  of  the  meat  condemned  in  public 
slaughter  bouses  may  be  used  for  human  food  under  the 
following  circumstances:   (i)   It  may  be  dealt  with  in 
public  kitchens  under  precautions  which  will  insure  a 
thorough  cooking,  and  the  cooked  meat  or  soup  made 
therefrom  may  be  sold  at  a  small  charge — as  in    the 
Friebanks  in  Germany,  or  (2)  the  meat  can  l>e  sterilize 
by  steam  under  pressure,  and  then  sold.     If,  howcvcrj 
it  is  unfit  for  human  food  under  any  circumstances, 
should  be  either  made  into  manure  under  supervision  | 
or,  failing  this  supervision,  it  should  be  saturated   with 
petroleum,  carbolic  acid,  or  mineral  acids,  before  it 
allowed  to  be  removed. 

The  arguments  in   favour  of  public  al>attoirs  n»ay 
sunmuirizcd  as  follows :  They  constitute  the  only , 
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sible  means  of  proper  and  systematic  inspection  at  the 
time  of  slaughter,  sucli  inspection  being  necessary  to 
prevent  the  sale  for  human  food  of  diseased  meat.  The 
consumer  would  have  a  guarantee  that  home  killed  meat 
was  good  and  wholesome,  and  this  would  probably 
increase  the  demand  for  it.  The  better  provisions  for 
slaughtering  and  cooling  the  meat,  and  the  diminished 
handling,  favour  its  good  appearance  when  exposed  for 
sale.  If  public  slaughter  houses  are  constructed  near 
railway  stations,  the  driving  of  cattle  through  crowded 
streets  is  avoided.  On  the  other  hand,  butchers  as  a 
body  do  not  favour  these  establishments;  and  slaughter- 
ing is  likely  to  be  done  elsewhere,  unless  private 
slaughter  houses  are  at  the  same  time  aboh'shed,  and 
only  stamped  meat  allowed  to  be  sold.  Butchers  argue 
that  the  handling  and  carting,  entailed  by  the  removal 
of  the  meat  from  the  abattoir,  tend  to  destroy  the 
characters  of  home  killed  meat,  but  this  argument  does 
not  apply  if  suitable  carts  are  used  in  which  the  meat  is 
suspended  by  hooks  from  the  roof. 

The  buildings  of  a  public  abattoir  should  include  lairs 
for  animals  about  to  be  slaughtered,  separate  places  for 
such  as  are  unsound,  separate  slaughter  houses  for  the 
different  kinds  of  animals,  cold  storage  for  meat,  build- 
ings for  the  treatment  and  disposal  of  the  offal  and  dis- 
eased parts,  stables  and  sheds  for  horses  and  vehicles 
and  the  drivers'  dogs,  and  a  market  room  with  restaurant. 
There  must  be  an  ample  water  supply,  and  the  means  of 
making  ice  should  be  provided. 


Fish. 

Though  many  parasites  attack  fish,  the  encysted  form 
of  the  tapeworm  called  Bothriocephalus  laliis,  which  is 
sometimes  found  in  the  pike  or  turbot,  is  the  only  one 
which  is  known  to  be  harmful. 
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Oysters  and  mussels  have  been  known  to  produce 
poisonous  symptoms,  and  nettle  rash  is  a  frequent  con- 
sequence of  the  consumption  of  the  latter.  Both  mussels 
and  oysters,  which  have  been  fed  in  sewage  pwlluted 
water,  have  conveyed  the  infection  of  enteric  fever. 

There  are  few  pwints  so  easy  to  detect  as  commenc- 
ing putridity  in  fish  ;  this  is  fortunate,  inasmuch  as  de- 
composition sets  in  rapidly,  and  appears  to  be  more 
generally  productive  of  poisonous  symptoms  than  de- 
composing meat — the  symptoms  produced  being  very 
similar  in  both  cases.     The  bright  gills,  the  prominent 

es,  the  elastic  resistance  of  the  firmly  adherent  flesh, 
,nd  the  absence  of  any  but  the  characteristic  odour, 
are  all  evidence  of  freshness.  The  soft  inelastic  feel  of 
the  fish,  and  the  unpleasant  odour,  furnish  the  chief 
clue — and  the  most  reliable — to  commencing  decom- 
position, since  some  salesmen  will  revive  the  gills  by 
artificial  colouring  agents,  and  have  been  known  to 
keep  the  eyes  prominent  by  a  small  piece  of  stick,  fixed 
transversely  in  the  head,  so  that  it  presses  the  eye  out- 
wards on  either  side. 

Mkat  Extracts.  ^ 

Many  meat  extracts  are  now  upon  the  market,  the 
tendency  being  for  the  public  to  over-estimate  their  food 
value.  They  consist  of  the  extractives  of  meat,  and  not 
of  the  meat  itself;  and  they  act  more  as  stimulants  and 
regulators  of  digestion  than  as  true  foods  capable  of 
providing  the  necessary  amount  of  nitrogenous  material 
for  the  needs  of  the  body. 

Milk.  fl 

Milk  is  the  natural  food  of  all  animals  Iwlonging  to 
the  Mammalia  for  a  longer  or  »hpr(«r  period  following 
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their  birth.  It  therefore  contains  all  the  constituents  of 
the  standard  diet,  and  these  in  the  proportions  most 
favourable  for  the  growth  and  development  of  the 
young  animal.  In  many  of  the  milks  secreted  by  the 
different  kinds  of  animals,  the  fats,  the  nitrogenous 
substances,  the  salts,  and  the  water,  are  found  in  pro- 
portions, as  compared  with  the  carbo-hydrates,  largely 
exceeding  those  contained  in  the  ordinary  food  of  the 
adult  animal.  This  is  notably  the  case  in  man,  the 
albuminates,  the  fats,  and  the  salts  being  required  in 
large  quantities  for  the  rapid  growth  of  the  body  in 
infancy,  whilst  the  water  is  essential  for  the  quick  forma- 
tion of  tissue  and  for  the  rapid  elimination  of  waste 
products. 

The  varying  proportions  of  the  different  solid  con- 
stituents of  milk  as  secreted  by  the  human  female,  the 
cow,  the  ewe,  the  goat,  and  the  mare,  are  shown  in  the 
table.     The  presumption  is  that  the  natural  milk  of  one 
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Mare. 

Goat. 
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Specific  gravity     . 
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Fat       .         .         . 
Casein,     albumin, 

376 

3-ao 
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Sugar   . 

Ash       .         .         . 
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350 
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87-27 

»39 
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0-29 

87-29 

2-51 

0-30 
8769 

3-58 
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039 

88-40 

4-20 

494 

i-oo 

84-06 

883 

358 

109 

75-22 

Total     . 

loo-oo 

loo-oo 

loo-oo 

too -00 

100-00 

100-00 

young  animal  is  not  suited   for  the  nutrition  of  another 
animal  of  a  different  species.     This  is  certainly  true  of 
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the  human  infant,  which  thrives  far  better  on  its 
mother's  milk,  or  the  milk  of  a  wet  nurse,  than  on  cow's 
milk — the  almost  universal  food  for  hand-fed  children. 
In  cow's  milk  the  casein  is  in  far  too  large  a  proportion 
as  compared  with  human  milk ;  the  fat  and  salts  are 
also  in  excess,  whilst  the  milk  sugar  is  very  deficient. 

In  the  process  of  digestion,  milk  is  curdled  by  admix- 
ture with  the  acid  of  the  gastric  juice  ;  the  casein  and 
fat  separate  as  curd,  whilst  the  sugar,  the  soluble 
albumins,  and  the  salts,  remain  dissolved  in  the  water 
as  whey.  The  curd  of  human  milk  forms  a  loose 
flocculcnt  mass,  easy  of  digestion  and  assimilation ; 
whilst  cow's  milk  clots  in  putty-like  or  wet  cheese-like 
masses.  The  cows  milk  curd  is  with  difficulty  digested ; 
it  gives  rise  to  dyspepsia,  flatulence,  and  diarrhoea,  and 
much  of  it  may  be  passed  unaltered  in  the  fasces.  Ass's 
and  mare's  milk  approximate  much  more  closely  in 
composition  to  human  milk,  and  give  a  loose,  flocculent, 
and  digestible  curd  like  human  milk.  Goat's  milk  is 
too  rich  in  fat  and  proteids,  but  it  also  gives  the  proper 
kind  of  curd  in  the  human  stomach. 

For  hand-fed  infants  under  nine  months  of  age,  if 
cow's  milk  is  used,  it  should  be  given  diluted  with  water 
and  with  the  addition  of  milk  sugar.  The  dense  clotting 
may  be,  to  a  certain  extent,  prevented  by  the  addition 
of  some  mucilaginous  substance  to  the  milk,  such  as 
pearl  barley  water  well  boiled  and  strained,  which  has 
the  mechanical  cflect  of  preventing  the  particles  of  casein 
coming  too  close  together  ;  and  the  curd  thus  formed  is 
looser  and  more  easily  attacked  by  the  digestive  juices. 

Koumiss  is  a  fcrmcnte<l  drink  prepared  from  mare's 
milk  in  Russia  and  Tartary,  and  in  this  country  it  is 
now  largely  mad?  from  cow's  milk.  It  is  very  easily 
digested  and  absorbed,  a^A  is  ^  valuable  food  for 
invalids. 
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All  the  solid  constituents  of  milk  are  dissolved  in  the 
water  of  the  milk,  with  the  exception  of  the  fat,  which 
exists  as  innumerable  minute  globules  floating  freely  in 
the  fluid. 

Cow's  Milk, 

The  average  milk  secretion  of  a  healthy  cow  may  be 
taken  as  20  to  25  pints  daily  ;  but  the  quantity  of  milk 
and  its  richness  in  solid  constituents  depend  largely 
upon  breed  in  different  cows,  and  in  the  same  cow  upon 
its  age,  the  age  of  the  calf,  and  the  season  of  the  year 
as  influencing  its  food,  As  a  general  rule,  it  may  be 
stated  that  cow's  milk  should  have  not  less  than  i2"5 
per  cent,  of  total  solids,  of  which  3'5  per  cent,  is  fat,  and 
07  per  cent,  is  salts,  the  specific  gravity  of  the  milk 
being  1031  or  1032,  and  the  percentage  of  cream  by 
volume  not  less  than   10  per  cent. 

To  make  up  the  standard  diet  for  an  adult  man,  of  23 
ounces  of  water-free  food,  about  9  pints  of  milk  must  be 
consumed.  In  such  a  diet,  the  albuminates,  the  fat,  and 
the  water  would  be  far  in  excess  of  the  requirements  of 
the  system.  A  prolonged  course  of  milk  diet — no  other 
food  being  given — has  been  found  exceedingly  useful 
in  certain  cases  of  albuminuria  and  kidney  disease. 
Skimmed  milk  only  should  be  taken,  and  a  portion  of 
the  casein  should  be  separated  by  rennet  {a  preparation 
from  the  gastric  mucous  membrane  of  the  calf).  By 
this  means  the  diet  is  deprived  of  much  of  its  fat  and 
albuminates ;  and  the  other  constituents,  being  very 
assimilable,  give  the  kidneys  little  work  to  do  in  elimi- 
nation, whilst  the  water  clears  away  disease  products 
from  the  uriniferous  tubules  and  promotes  and  restores 
healthy  function. 

Many   persons,   from  constitutional   idiosyncrasy   or 
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weak  digestion,  cannot  digest  milk.  If  the  milk  is  first 
curdled  by  the  addition  of  a  few  drops  of  acetic  .icid 
or  a  little  rennet,  and  the  curds  and  whey  thus  formed 
beaten  up  together,  and  a  little  salt  and  pepper  added, 
a  most  digestible  dish  is  prepared,  by  reason  of  the 
stomach  being  saved  the  operation  of  curdling  which  is 
the  cause  of  the  disagreement. 

When  milk  is  allowed  to  stand,  some  60  or  70  per 
cent,  of  the  cream  rises  to  the  top  of  the  vessel  in  about 
six  hours.  A  centrifugal  apparatus  is  now  largely  used 
for  the  separation  of  cream ;  90  to  95  per  cent,  of  the  fat 
is  removed  by  this  method.  Skimmed  milk  generally 
contains  about  i  per  cent,  of  fat ;  whereas  separated 
milk  generally  contains  less  than  03  per  cent.  More 
fat  might  be  obtained  by  skimming  if  a  longer  period 
were  allowed  for  the  milk  to  stand  ;  but  after  a  time, 
depending  upon  the  temperature,  milk  undergoes  the 
lactic  fermentation,  and  becomes  markedly  acid,  the 
sugar  being  converted  into  lactic  acid  by  the  agency  of 
a  special  bacterium,  which  grows  and  multiplies  in 
the  milk  at  suitable  temperatures.  The  milk  becomes 
curdled,  and  tlie  whey  separates  from  the  curd.  At  a 
later  stage  the  lactic  acid  is  converted  into  butyric  acid 
by  means  of  another  bacterium  or  bacillus;  the  milk  at 
the  same  time  becomes  turbid,  and  putrefactive  changes 
set  in  from  the  growth  of  Bacterium  termo  and  other  sapro- 
phytic organisms. 

Milk  may  be  stcrili/cil,  and  thus  preserved  from 
fermentation  anl  decomposition,  by  keeping  it  ut  a 
temperature  of  140°  F.  for  20  minutes  in  sterilised 
TBHwIs  which  arc  hermetically  sealed  at  the  boiling 
temperature.  A  closed  vessel  should  be  used,  Inicause 
to  an  open  vessel  a  skin  forms  on  the  surface  of  the  milk, 
and  then  the  vitality  of  the  organisms  is  not  so  readily 
destroyed.     Milk  is  also  preserved  in  a  desiccated  form 
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as  a  powder,  the  water  being  expelled  by  evaporation  ; 
or  it  is  mixed  with  sugar  and  liighly  concentrated,  being 
then  sold  as  "condensed  "  milk.  Many  of  the  so-called 
condensed  milks  on  the  market  are  condensed  skimmed 
or  separated  milks,  i.e.,  milk  from  which  most  of  the 
fat  has  been  abstracted  prior  to  condensation.  Such 
preparations  are  quite  unsuited  for  infant  feeding,  and 
they  have  been  well  styled  "starvation  brands."  It  has 
lately  become  the  custom,  where  milk  is  sent  by  railway 
from  country  farms  to  town  retailers,  to  add  a  little 
salicylic  acid,  boroglyceride,  formalin,  or  boracic  acid  to 
the  milk  as  a  preservative  against  fermentative  changes 
in  transit.  Whatever  antiseptic  is  used,  it  is  consumed 
with  the  milk  by  the  custonner,  and  adds  another  danger 
to  the  already  long  catalogue  attributable  to  milk. 

This  employment  of  agents,  termed  antiseptics,  which 
will  prevent  the  development  of  micro-organisms  in  food, 
is  extensively  practised.  The  antiseptics  most  commonly 
employed  in  different  kinds  of  food  are  :  Borax  and 
boracic  acid,  salicylates,  benzoates,  formic  aldehyde 
(used  as  "  formalin,"  a  40  per  cent,  solution  of  formic 
aldehyde),  sodium  chloride,  and  vinegar;  but  saltpetre, 
chloride  of  ammonium,  sulphate  of  calcium,  alum,  spirits 
of  wine,  sulphurous  acid,  bisulphite  of  lime,  and  sulphate 
of  copper,  have  all  been  employed. 

There  is  no  doubt  that  the  unrestricted  use  of  these 
agents  should  be  condemned  ;  for  although  in  the  case 
of  those  most  commonly  employed  their  use  has  not 
been  provtd  to  cause  any  direct  harm  to  consumers,  it  is 
a  reasonable  belief  that  the  ignorant  employment,  even 
of  such  a  substance  as  boric  acid,  may  effect  slight  and 
indirect  injury  to  health,  and  is  capable  of  seriously 
interfering  with  digestion.  Few  of  these  agents  enter 
normally  into  the  constitution  of  the  human  body  ;  and 
at  least  they  must  be  regarded  as  foreign  bodies  whose 
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ingestion  works  no  possible  good,  an<l  which,  not  being 
foods,  do  not  in  any  way  make  amends  for  the  additional 
work  of  elimination  which  their  presence  demands. 
They  sometimes,  moreover,  permit  vendors  or  manufac- 
turers to  deal  with  stale  or  badly  prepared  food,  to 
the  prejudice  of  the  more  honest  tradesman.  If  the 
adulteration  is  permitted,  the  vendor  should  at  least  be 
compelled  to  state  the  nature  and  amount  of  preservative 
employed. 

Opinion  is  divided  as  to  the  actual  harm  which  results 
from  the  use  of  very  small  quantities  of  preservatives  in 
food,  but  in  the  view  of  many  authorities  the  use  of  such 
agents  is  unnecessary;  and  it  is  certain  that  even  so 
rapidly  decomposable  a  food  as  milk,  when  collected 
and  stored  with  proper  regard  to  cleanliness,  and 
quickly  chilled,  can  be  sufficiently  preserved  by  cold 
storage  alone,  even  in  the  hottest  weather,  to  meet 
all  the  requirements  of  its  distribution  and  use.  Food 
purveyors  have  very  little  knowledge  as  to  the  amount 
of  preservative  it  is  necessary  to  add,  and  there  is 
nothing  to  prevent  such  an  article  as  milk  from  being 
dosed  more  than  once;  moreover  an  injurious  quantity  _ 
of  preservative  may  be  consumed  in  a  meal  which  I 
includes  a  number  of  foods,  in  each  of  which  there 
is  only  a  small  quantity  of  preservative.  The  practice 
of  using  preservatives  in  food  also  leads  to  uncleanly  B 
trc'itmcnt,  and  is  often  the  means  employed  to  render 
unwholesome  food  saleable.  In  several  countries  pre- 
servatives arc  expressly  forbidden  by  law,  and  successful  ■ 
results  arc  obtained  by  pasteurisation,  sterilisation, 
tcfiigctation  or  chilling.  The  Departmental  Committee 
appointed  to  inquire  into  the  use  of  preservatives  and 
colouring  matters  in  food  in  the  year  1899,  has  recently 
(Dec,  1901)  issued  its  Report.  The  Committee  rccom- 
mcDd  the  prohibition  of  the  use  of  formic  aldehyde,  and 
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that  salicylic  acid  should  not  be  used  in  greater  propor- 
tion than  I  grain  per  pint  in  liquid  food,  and  i  grain  per 
pound  in  solid  food.  The  use  of  preservative  and  colour- 
ing agents  in  milk  is  condemned.  Certain  boron  com- 
pounds may  be  used  in  cream  and  butter  when  they  do 
not  exceed  0'25  per  cent,  and  0'5  per  cent.,  respectively, 
of  boric  acid.  No  preservatives  may  be  used  in  any 
invalid  or  infant  food,  and  copper  salts  are  not  to  be 
used  for  greening  preserved  fruits  and  vegetables. 

There  is  at  the  present  time  a  very  copious  literature 
dealing  with  the  diseases  and  injurious  effects  attribut- 
able to  the  use  of  cow's  milk.  Forming,  as  it  does,  so 
large  a  proportion  of  the  daily  food  of  infants,  young 
children,  and  invalids  of  all  ages,  and  consumed,  as  it 
generally  is,  by  all  ages  and  all  classes,  in  an  uncooked 
state,  the  importance  of  the  inquiries  that  have  been 
made  and  of  the  facts  that  have  been  elicited  can  hardly 
be  over-estimated.  The  following  considerations  w^ill  be 
found  of  use  in  arriving  at  a  proper  understanding  of  the 
subject. 

Milk  has  a  remarkable  power  of  absorbing  gases  and 
vapours,  organic  and  inorganic.  It  is,  besides,  a  fluid 
which,  while  possessing  all  the  essential  constituents  of 
food,  forms  a  most  suitable  cultivating  medium  for  low 
forms  of  life,  fungoid  or  bacterial.  So  that  it  is  not  too 
much  to  assume  that  specific  disease  germs,  which  have 
gained  access  to  the  milk,  may  so  grow  and  multiply 
as  greatly  to  increase  its  power  of  infection  as  time 
elapses. 

The  chief  sources  of  the  infection  of  milk  are  dirt  and 
water — dirt  finding  its  way  into  the  milk  during  the 
process  of  milking,  and  the  water  through  the  washing 
of  the  cans,  or  by  wilful  addition  to  the  milk  with  the 
object  of  increasing  its  bulk. 

Milk,  as  being  derived  from  the  living  animal,  must 
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attack  the  mouth  and  digestive  tract  of  infants,  caus- 
ing tlirush.  Other  fungi  and  moulds  —  penicillium, 
aspergillus,  mucor,  &c.  (see  p.  442) — when  present,  may 
cause  severe  gastric  irritation.  Similar  symptoms  have 
been  produced  by  pus  and  fluids  from  inflamed  udders 
and  udder  abscesses  contaminating  the  milk. 

There  is  now  a  large  body  of  evidence  to  support  the 
view  that  disease  of  the  cow  may  be  transmitted  through 
the  milk  secretion  to  human  beings. 

In  1881  Mr.  Ernest  Hart  completed  tables  with  par- 
ticulars of  50  epidemics  of  enteric  fever,  15  of  scarlet 
fever,  and  6  of  diphtheria— 4,800  cases  of  infectious 
disease  in  all — which  had  been  traced  to  an  infective  or 
a  supposed  infective  quality  of  the  milk  supplies,  and 
since  that  date  there  have  been  numerous  other  milk 
epidemics  recorded. 

In  the  case  of  enteric  fever,  the  most  usual,  means  by 
which  milk  obtains  its  specifically  infectious  quality  is 
the  washing  of  the  milk  cans,  or  the  intentional  dilution 
of  the  milk,  with  water  polluted  by  typhoid  dejecta,  In 
other  cases  the  milk  has  been  found  to  be  stored  in 
rooms  or  dairies  the  air  of  which  was  subject  to  drain 
or  sewer  emanations.  It  is  also  possible,  though  im- 
■  probable,  that  enteric  fever  is  a  disease  of  cattle  com- 
municable to  man  through  the  milk  secretion,  or  by 
means  of  pollution  of  the  milk  by  the  alvine  discharges 
through  careless  milking. 

In  those  epidemics  of  scarlet  fever  which  have  been 
traced  to  milk,  it  has  been  usual  to  find  that  the  milk 
was  infected  through  human  agency  by  a  previous  case 
of  the  disease  at  farm  or  dairy.  The  cows  were  milked 
by  a  person  who  was  attending  on  a  scarlet  fever 
patient,  who  had  the  disease  amongst  his  family — pos- 
sibly in  an  unrecognized  form,  as  sore  throat  without 
rash — or  who  was  himself  suffering  from   it  in  a  mild 


444 


HYGIENE    AND    PUBLIC    HEALTH. 


or  disguised  form.  Occasionally  the  milk  appears  to 
derive  its  infective  quality  from  being  kept  in  a  room 
in  which  clothes  or  refuse  matters  from  the  sick  are 
lying. 

But  besides  such  easily  understood  methods,  the  his- 
tory of  the  Hendon  and  Wimbledon  outbreaks  appears 
to  show  that  cows  are  liable  to  a  disease  identical  with 
or  very  closely  resembling  human  scarlet  fever,  and  that 
the  milk  from  animals  so  suffering  might  prove  to  be  the 
cause  of  epidemic  outbursts  of  the  disease  amongst  those 
who  consumed  it.  Dr.  Klein  isolated  an  organism — a 
streptococcus  — from  the  udder  lesions  (ulcers)  on  the 
Hendon  cows,  which  he  believes  to  be  the  true  patho- 
genic organism.  .\  streptococcus  has  also  been  found 
in  the  diseased  organs  and  tissues  of  human  scarlatinal 
cases. 

Subcultures  of  this  organism  obtained  from  human 
scarlatinal  cases,  when  inoculated  into  recently  calved 
cows,  are  said  to  produce  the  characteristic  ulcers  on 
the  teats,  along  with  other  manifestations  of  the  Hendon 
cow  disease;  and  calves  fed  on  these  subcultures  obtain 
the  same  disease.  This  matter  has  been,  however,  and 
still  is,  the  subject  of  much  controversy.  The  opponents 
of  the  views  of  Ur.  Klein,  and  of  Mr.  Power,  who  in- 
vestigated the  Hendon  outbreak,  hold  that  a  possible 
human  source  of  the  disease  at  ffendon  was  not  abso- 
lutely excluded,  and  assert  that  other  cows  whicli  had 
the  Hendon  disease  did  not  give  rise  to  any  scarlet 
fever  outbreak. 

In  a  large  percentage  of  the  milk  epidemics  of  difk- 
tktria,  it  has  not  been  possible  to  trace  the  source  from 
whicli  the  milk  derived  its  infective  quality.  This  is 
not  to  be  wondered  at,  for,  in  the  iirst  place,  our  know- 
ledge is  not  yet  sufficiently  definite  to  enable  us  to 
exclude  diphtheria  from  the  class  of  diseases  which  are 
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not  necessarily  dependent  on  an  immediately  pre-existing 
case,  and  which  appear  to  arise  at  times  from  ordinary 
insanitary  conditions;  and,  in  the  second  place,  slight 
cases  of  diphtheria  are  very  difficult  to  trace,  the  diph- 
theritic character  of  a  sore  throat  not  being  always 
recognizable  even  to  a  medical  attendant.  There  is  but 
little  evidence  tendmg  to  show  that  diphtheria  may  be 
a  cow  disease  transmissible  to  human  beings.  Calves 
have  been  known  to  suffer  from  a  throat  affection  pre- 
senting post-mortem  appearances  very  similar  to  those 
found  in  human  diphtheria.  But  this  disease  of  calves, 
even  if  it  were  more  general  than  it  is,  would  not  a4tount 
for  diphtheria  appearing  amongst  the  customers  of  those 
establishments — the  great  majority  in  or  near  large 
towns — where  the  calves  are  sent  away  as  soon  as  born, 
and  the  cows  come  after  three  or  four  days  into  regular 
milking.  The  question  as  to  whether  garget  or  mam- 
mitis  in  cows  is  capable  of  producing  diphtheria  in  the 
consumers  of  milk  taken  from  gargety  udders  may  be 
answered  in  the  negative. 

Stall  fed  dairy  cows  in  towns  are  very  susceptible  to 
tubercle.  Veterinary  authorities  have  stated  that  at  least 
25  per  cent,  of  all  dairy  cows  kept  in  towns  are  the 
subjects  of  tliis  malady.  These  animals  are  stalled 
day  and  night  in  stables  often  uncleanly  and  badly 
ventilated,  and  they  are  perpetually  being  drained  of 
large  quantities  of  milk.  Prolonged  lactation  in  the 
human  female  is  well  known  to  be  a  frequent  precursor 
of  phthisis ;  and  it  is  not  wonderful  that  under  such 
circumstances,  and  with  the  additional  factors  of  con- 
finement, want  of  exercise,  and  bad  air,  cows  should 
succumb  to  a  malady  to  whicli  they  are  in  a  high  degree 
susceptible.  It  often  happens  that  the  best  bred  animals, 
which  are  usually  the  best  milkers,  are  those  which  are 
most  affected.     In  the  early  stages  the  symptoms  of  the 
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disease  are  ill  defined,  the  health  of  the  animal  is  not 
much  interfered  with,  and  the  milk  secretion  is  as  abun- 
dant as  ever.  Nutrition  is  not  interfered  with  until  the 
disease  is  far  advanced,  and  even  then  the  amount  of 
milk  yielded,  although  poor  in  quality,  may  not  be 
diminished,  and  the  dairy  farmer  continues  to  keep  the 
animal  in  stock. 

So  far  as  at  present  known,  the  milk  of  tuberculous 
cows  is  free  from  tubercle  bacilli,  unless  there  has  been 
— as  is  sometimes  the  case— a  deposition  of  tubercles 
in  the  glands  of  the  udder.  In  every  town  dairy  of  any 
size  #here  will  probably  be  tubercular  cows,  some  of 
them  most  likely  with  tubercular  udders;  and  as  it  is 
the  common  custom  of  dairymen  to  mix  together  the 
milk  yielded  by  different  cows,  it  is  not  loo  much  to 
assume  that  tubercle  bacilli  may  be  widely  distributed 
in  the  milk  supply.  As  a  matter  of  fact,  the  bacilli 
have  been  found  by  many  observers  in  from  lo  to  20  per 
cent,  of  the  dairy  samples  examined  by  them. 

The  bacilli  of  bovine  tuberculosis  are  identical — 
according  to  all  bacteriological  methods  at  present 
known — with  those  found  in  tubercular  formations 
in  the  human  organs,  although  the  disease  presents 
anatomical  differences  in  man  and  cattle.  But  these 
differences  are  probably  due  to  differences  of  soil  in 
the  human  and  bovine  tissues,  the  bacilli  engrafting 
themselves  in  those  tissues  which  present  conditions 
most  favourable  to  their  growth  and  development. 

It  has  been  shown  that  the  milk  of  tuberculous  cows 
containing  tubercle  bacilli,  when  given  as  food,  produces 
tuberculosis  in  rabbits,  guinea  pigs,  and  dogs.  The 
absence  of  direct  evidence  of  the  transnussibilily  of  tlie 
bovine  disease  to  man  is  due  to  the  great  difficulties 
surrounding  such  determinations,  and  also  to  the  want 
of  observation  and  of  properly  recorded  data.    A  strong 
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confirmation  of  the  view  that  bovine  tuberculosis  is 
transmissible,  at  least  to  young  children,  is  contained 
in  the  fact  that  the  mortality  of  children  under  five 
years  of  age  from  primary  tubercular  ulceration  of  the 
intestines,  and  from  tuberculosis  of  the  peritoneum  and 
mesenteric  glands  {tabes  mesenterica),  is  very  high. 
The  mortality  of  children  under  five  from  tubercular 
peritonitis  and  tabes  mesenterica,  for  the  period  1881  to 
1890,  approaches  closely  the  mortality  from  measles  for 
the  same  period,  and  is  some  sixteen  times  as  great  as 
the  mortality  figure  from  these  diseases  in  any  of  the 
five  year  age-periods  in  later  life.  The  extreme  incidence 
of  primary  tubercular  disease  of  the  abdominal  lymphatic 
system  on  young  children  is  at  once  seen  from  these 
figures.  There  can  be  little  doubt  that  the  tubercular 
virus  in  these  cases  is  introduced  into  the  body  with  the 
food,  and  that  the  virus  is  absorbed  through  some  part 
of  the  digestive  tract.  In  the  matter  of  dietary  there  is 
one  great  distinguishing  feature  between  this  age  period 
and  all  others ;  under  five  years  of  age,  unboiled  milk 
forms  the  staple  food  of  children. 

The  sanitary  improvements  of  the  last  forty  years  have 
reduced  the  death  rate  from  tuberculosis  of  the  lungs  by 
45  per  cent.  During  the  same  period  the  death  rate 
from  tuberculosis  of  the  bowels  among  infants  under  one 
year  old  has  increased  by  27  per  cent.,  this  increase  being 
coincident  with  an  increase  in  the  proportion  of  infants 
reared  on  the  bottle,  instead  of  on  their  natural 
nutriment. 

Foot  and  mouth  disease,  or  epizootic  eczema,  is  a  contagious 
disease,  characterized,  in  cows,  by  an  eruption  of  small 
vesicles  on  the  lining  membrane  of  the  mouth  and  the 
interdigital  spaces  of  the  feet ;  not  infrequently  the 
vesicles  appear  on  the  udders  and  teats.  In  the 
majority  of  cases  the  milk  secretion  is  diminished  as 
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the  disease  progresses,  and  may  become  entirely  svis- 
pended.  The  fever  runs  its  course  in  from  eight  to 
fifteen  days.  The  contagium  exists  in  its  most  concen- 
trated form  in  the  lymph  or  serum  of  the  vesicles  (those 
on  the  teats  are  liable  to  be  ruptured  in  milking)  and  in 
the  saliva ;  but  it  also  exists  in  the  secretions  and  blood 
of  diseased  animals,  and  it  possesses  considerable  vitality. 

Numerous  outbreaks  among  human  beings  of  a 
peculiar  illness  have  been  traced  to  the  use  of  milk 
from  cows  with  this  disease.  The  symptoms  were 
slight  fever,  vesicular  eruptions  on  the  throat  and  lips, 
swelling  of  the  tongue,  salivation,  foetor  of  breath,  and 
marked  swelling  of  the  lymphatic  glands  of  the  neck. 
It  is  probable  that  the  transmission  of  the  disease  is 
most  certain  in  those  cases  where  there  are  vesicles  on 
the  cow's  teats,  which  arc  sure  to  be  ruptured  in 
milking,  the  virus  thus  obtaining  direct  access  to  the 
milk. 

In  the  case  of  cows  suffering  from  calilt  plague  and 
anthrax,  the  milk  secretion  is  suspended  at  a  very  early 
stage,  whilst  in  contagious  pUuro- pneumonia  and  rabin  there 
is  no  evidence  of  any  ill  effects.  In  cow-pox  the  milk 
secretion  is  said  to  lie  rapidly  diminished  or  suppressed. 

A  milk  epidemic  is  characterized  by  the  suddenness 
with  which  it  makes  its  appearance,  the  sufferers  being 
for  the  most  part  attacked  at  about  the  same  time.  The ' 
infected  liouses  will  be  found  to  have  been  supplied, 
almost  without  exception,  by  the  particular  milk  vendor 
whose  supply  is  at  fault :  but  it  will  occasionally  happen 
that  infected  houses  arc  discovered  to  which  milk  has 
been  supplied  from  a  diflercnt  vendor,  this  circumstance  I 
being  often  due  to  the  fact  that  the  vendors  on  their 
rounds  very  commonly  buy  small  quantities  of  milk 
from  each  other.  Sometimes  valuable  corroborative 
testimony  implicating  the  milk  is  furthcoming  in  the: 
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circumstance  that  some  of  those  in  the  infected  house- 
holds, who  have  consumed  no  unboiled  milk,  have 
escaped  ;  and  that  households  supplied  from  the  impli- 
cated dairy,  but  in  which  no  unboiled  milk  is  consumed 
at  all,  have  entirely  escaped. 

Until  cowsheds  and  dairies  are  placed  under  rigorous 
sanitary  control,  and  until  cow  diseases  are  better  under- 
stood and  recognized,  the  only  safeguard  against  the 
spread  of  disease  through  milk  is  to  boil  it.  Exposure 
to  the  heat  of  boiling  water  for  five  minutes  destroys  the 
life  and  action  of  every  variety  of  specific  disease  virus, 
and  practically  sterilizes  the  milk.  The  sterilization — 
the  destruction  of  all  living  organisms — is  of  especial 
importance  where  infants  are  fed  on  cow's  milk.  Under 
natural  conditions  the  mother's  milk,  as  sucked  in  by 
the  infant,  is  free  from  all  organic  life  ;  but  where  cow's 
milk  is  substituted,  living-germs  are  introduced  into  the 
stomach,  which  may  at  this  tender  age  be  unable  to  cope 
with  them,  and  ill-health  and  disease  ensue.  The  act 
of  boiling  produces  but  little  alteration  in  the  nutritive 
properties  of  the  milk,  and  its  value  as  a  food  is  not 
seriously  affected  thereby. 

In  several  towns  in  England  and  on  the  Continent 
municipal  depots  have  been  established  for  the  distribu- 
tion of  humanised  (sterilized)  milk,  with  a  most  bene- 
ficial effect  in  reducing  infantile  mortality.  Good  cow's 
milk  is  diluted  and  cream  and  sugar  added.  The 
humanised  milk  is  then  placed  in  small  stoppered 
bottles  of  some  five  ounces  capacity  and  placed  in  the 
sterilizer.  The  bottles  are  kept  exposed  to  a  tempera- 
ture of  102°  C.  for  about  4.5  minutes,  and  they  are  then 
taken  out  and  placed  in  baskets,  each  of  which  holds 
9  bottles — I.e.,  six  feeds  for  the  day  and  three  for  the 
night.  The  quantity  of  the  milk  is  adjusted  according 
to   the   age  of   the   child,   and    before    use   each    bottle 
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should   be   placed   in    a    liltlc   hot    water,   the   stopper 
removed,  and  a  teat  fitted  to  tlic  bottle  direct. 

A  large  proportion  of  the  milk  retailed  in  London  has 
had  some  of  its  cream  separated  ;  whilst  the  fraudulent 
addition  of  water  is  exceedingly  common  in  districts 
where  the  Adulteration  Acts  are  not  enforced.  Annatto, 
turmeric,  and  yellow  coal  tar  colours  have  been  em- 
ployed to  give  a  rich  yellow  colour  to  a  naturally  poor 
or  watered  milk.-' 

Butter. 

When  the  cream  of  milk  is  churned,  i.t.,  violently 
agitated  in  a  suitable  apparatus,  the  fat  globules 
coalesce,  entangling  in  their  meshes  some  casein  and 
scrum.  The  butter  so  formed  is  then  pressed  to  squeeze 
out  some  of  the  moisture,  and  salt  added  to  preserve 
it.  The  percentage  proportions  cf  the  constituents  of 
butter  art'  n|iproxiin;tl<-ly  as  follows  : 

Fal 83-5 

tutd.  .  t 

Asli    .         .  ...  I  5 

Milk  su<;ar  .         .         .         .  i 

Water 13 

The  amount  of  water  in  a  sample  of  butter  sliould 
never  be  more  than  16  per  cent,  by  weight,  and  the  fat 
sl»ouM  constitute  at  least  80  per  cent. 

The  fat  of  butter  consists  of  a  mixture  of  the  glycer- 
ides  of  the  fatty  acids — palmitic,  stearic,  and  oleic — not 
soluble  in  water ;    and  also  of  the  glycctides  of  certain 

*  Tile  lioord  of  Asiicultutc  Ua.%  reccnily  iuucd  a  RcKuldlion  which 
fixt*  ccna.n  low  liiuim  (mandarJt)  \\iili  tcfcrcnce  to  the  composition 
of  milk.  The  fat  tnunt  not  he  Icm  ihin  3  per  cent.,  the  non  fatty 
■olid*  mntl  trath  S-5  per  cer.C,  and  Oe  lot.il  tohdi  ol  tkimmcd 
tniik  tniut  amount  tirgo  p«:r  c«nt. 


CHEESE 


soluble  and  volatile  fatty  acids,  principally  butyric,  with 
small  quantities  of  caproic,  caprylic,  and  capric  acids. 
It  is  the  association  of  about  7-8  per  cent,  of  the  trigly- 
cerides of  these  volatile  acids  with  the  glycerides  of  the 
insoluble  acids  which  gives  to  butter  fat  its  peculiar  and 
distinctive  characters  (Winter  Blyth). 

Margarin:,  oko-inargarinc,  or  buttcrine,  is  manufactured 
from  animal  fats  (lard,  beef  and  mutton  fats),  and  vege- 
table oils  (cotton  seed,  sesame,  earth  nut,  &c.).  When 
made  from  beef  fat,  this  is  first  fmely  minced  and  heated 
in  tanks  to  about  39°  C.  The  fat  melts,  and  the  water 
and  debris  sink  to  the  bottom.  The  melted  fat  is  run 
off  as  a  clear  yellow  oil,  and  kept  at  a  temperature  of 
absut  30°  C.  The  stearin  to  a  certain  extent  solidifies  at 
this  temperature,  whilst  the  oleo-margarine  is  separated 
as  a  liquid,  from  which  much  of  the  stearin  has  been 
removed;  for  oleo-margarine  solidifies  at  a  much  lower 
temperature  than  stearin.  The  oleo-margarine  is  then 
filtered,  pressed,  churned  up  with  milk  to  give  it  the 
flavour  of  butter,  coloured  with  annatto,  and  cooled 
with  ice,  when  it  is  ready  for  sale. 

The  great  distinction  betvi-een  butter  f.tt  and  mar- 
garine fat  lies  in  the  fact  that  the  butter  fat  contains 
nearly  8  per  cent,  of  the  volatile  fats,  whilst  the  mar- 
garine fat  has  rarely  more  than  ^  per  cent.  In  the 
analysis  of  these  substances  this  difference  is  niade  use 
of.  The  same  antiseptic  and  colouring  agents  are  em- 
ployed in  butter  as  in  milk.* 


Cheest.. 

In  the  manufacture  of  cheese,  casein  and  most  of  the 

*  Margarine  is  but  Ktlle  inferior  in  nutritive  qualities  lo  butter  ;  it 
csnstitutes  a  good  article  of  diet — but  it  must  not  b:  sold  as  butter. 
It  is  comcwiiat  less  digestible  llian  butler,  and  much  more  generally 
contains  cotuuring  agents  and  preservatives. 

CO  2 
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milk  fat  are  precipitated  from  milk  by  rennet  at 
suitable  temperature.  The  curds  are  then  pressed,  to 
squeeze  out  tlie  whey  and  reduce  the  mass  to  a  proper 
shape.  In  the  process  of  decay  the  fat  increases  at  the 
expense  of  the  casein,  and  numerous  alkaioidal  sub- 
stances, extractives,  and  aromatic  acids  are  produced, 
which  Rive  a  decayed  cheese  its  aroma.  These  bodies 
are  harmless,  but  occasionally  a  poisonous  ptomame 
called  "  tyrotoxicon  "  appears  to  be  produced.  This 
substance  has  also  been  discovered  in  milk,  cream, 
butter,  and  cheap  ice  creams,  and  in  milk  stored  during 
hot  weather.  The  symptoms  produced  by  tyrotoxicon 
are  allied  to  those  of  atropine  poisoning.  \  ahous  kinds 
of  parasites  grow  in  decaying  cheeses,  but  they  do  not 
seem  ordinarily  to  produce  any  harmful  effects.  The 
mote  common  are  :  Aspergillus  gltiinus  (causing  blue  or 
green  mould),  Sporendonnna  casti  (causing  red  mould), 
and  the  cheese  maggots  (Piophila  cnsa). 


Wheat  Flouk  anu  Hkeau. 

Wheat  flour  contains  about  13  per  cent,  of  water, 
8  to  12  per  cent,  of  gluten  (vegetable  albumin),  and 
about  70  {)er  cent,  of  starch,  sugar,  and  dextrine.  It  is 
very  deficient  in  salts  and  fat.  In  the  (inost  Hour  nearly 
all  the  outer  envelopes  of  the  wheat  grain  are  separated. 
This  s<;paiation  of  the  bran,  whilst  it  renders  the  tlour 
hnc  in  texture  and  white  in  colour,  deprives  it  of  much 
nuttitious  matter,  for  bran  contains  15  per  cent,  of  nitro- 
genous sub<>tanccs,  y^  per  cent,  of  fat,  and  5*7  per  cent, 
of  sails.  On  the  other  hand,  most  of  this  nutritious 
matter  is  in  a  form  diflii  ult  of  digestion  and  initating  to 
the  bowels,  for  the  outer  envelopes  of  the  wheat  grain 
are  hard  and  silirinus.  liread  made  from  wholemeal 
flour  IS  coming  largely  into  Cavoiu.     Where  it  can  be 
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tolerated  its  use  may  be  advantageous,  as  it  promotes 
evacuation  of  the  bowels,  and  is  more  nutritious  than 
ordinary  white  bread.  It  is  certainly  deserving  of  trial 
by  the  working  classes,  whose  diet  is  often  deficient  in 
salts,  fat,  and  nitrogen ;  and  with  the  modern  methods 
of  very  fine  grinding  its  irritant  properties  are  reduced 
to  a  minimum. 

Bread  is  made  by  mixing  water,  yeast,  and  a  little 
salt  with  wheat  flour  until  a  consistent  dough  is  formed, 
which  is  allowed  to  rise  before  a  hot  fire,  and  then 
placed  in  a  baking  oven.  By  the  action  of  the  yeast 
at  a  suitable  temperature,  some  of  the  starch  is  changed 
into  sugar,  and  the  sugar  splits  up  into  alcohol  and 
carbonic  acid  gas.  The  coherent  nature  of  the  gluten 
prevents  the  escape  of  the  carbonic  atid,  which  forms 
for  itself  little  cells  in  the  substance  of  the  loaf,  and 
causes  the  spongy  structure  characteristic  of  well  made 
bread.  The  alcohol  escapes  into  the  air.  It  is  impor- 
tant not  to  let  the  fermentative  process  go  too  far,  or 
lactic  and  butyric  acids  maybe  formed,  which  cause  the 
bread  to  be  sour.  Alum  has  the  property  of  arresting 
this  change,  and  of  imparting  a  fine  white  colour  to 
bread.  Hence  its  frequent  use  in  baking  powders. 
The  loaf  is  then  put  into  the  oven  and  baked.  It 
appears,  from  experiments  lately  conducted  by  Drs. 
Waldo  and  Walsh,  that  the  temperature  of  the  interior 
of  a  loaf  in  a  baker's  oven  is  not  sufticiently  high  to 
destroy  all  microbes.  The  process  of  baking,  therefore, 
does  not  sterilize  the  loaf. 

Aerated  bread  is  now  extensively  used.  In  this  system 
CO, gas  is  prepared  and  forced  through  the  ilough  under 
pressure.  Its  great  advantage  lies  in  the  fact  that  there 
is  no  fermentation  as  in  ordinary  bread  making,  and  no 
danger  of  .sourness  and  acidity  being  produced.  There 
is  besides  no  loss  of  starch,  and  ne  yeast  is  left  in  the 
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live  juices— in  other  words,  more  digestible.  Dakiog 
powders  arc  occasiotjally  usc<l  to  disengage  CO,  gas, 
and   cause  dough   to  rise.      They   usually   consist    of 


sodium  carbonate  and  some  acid  such  as  citric  or 
tartaric,  the  acid  and  alkali  being  brouglit  together 
for  use. 

Under  the  microscope  (fig.  77)  wheat  flour  is  seen  to 
consist  of  round  or  0v.1I  starch  grains,  of  very  various 
sizes.  Tlic  smallest  are  mere  points,  whilst  the  larger 
ones  may  reach  to  Ynin  '"'^'^  '"  diameter  or  more. 
Intermediate  sizes  are  very  often  absent.  The  hilum 
and  concentric  lines  of  the  starch  grains  are  barely 
visible,  if  at  .ill.  Portions  of  tlie  outer  envelopes  of  the 
wheat  grain  may  be  detected  in  the  coarser  and  more 
branny  flours. 

Wheat  grains  are  subject  to  attack  by  certain  para- 
sites, viz.  (figs.  62  to  65),  smut  {Undo  segetnm)  and  bunt 
{Undo fatidn),  the  latter  bring  tiie  commonest;  rust  or 
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(Jinllf  eulN;  /<,  wivalin  jnninfmi :  /;,  a  tliiT  ti(  irgnl  (  x  al>oii'.  2riM). 
cdl.t  ( ><  alHjiit  M). 

Puccinia  gramiiiis,  which  attacks  the  stem  and  leaf;  and 
ergot  {Oiditim  ahortifacicn$),  which,  however,  is  more  often 
a  disease  of  rye.  AnrongFt  the  numerous  animal 
destroyers  of  wheat  are :  Vibrio  Irilici,  or  ear  cockle, 
which  destroys  the  grain  and  fills  it  witli  a  cotton-like 
substance;  A  cams  farina ;  and  the  weevil,  or  Calaiidra 
gramria  (fig.  66),  a  little  insect— visible  to  the  iiakcd  eye 
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—  which  eats  the  core  out  of  the  grain,  leaving  only  the 
shell.  Loltum  temnltntum,  or  darnel  seeds,  occasionally 
find  their  way  into  flour,  and  have  given  rise  to  sym- 
ptoms of  narcotic  poisoning  among  some  of  those  who 
consumed  the  brc.id  made  from  such  flour. 

Other  fungi  may  likewise  be  recognised  |iy  means  of 
the  microscope  in  the  flour  made  from  blighted  and 
diseased  corn ;  and  flour  and  bread,  when  l)adly  stored 
and  allowed  to  Income  damp,  become  the  scat  of  growth 
of  moulds  and  fungi  such  as  Mucor  mucedo,  Ptmctllmm, 
and  AipergilUts  (see  p.  442).  All  these  growths  are  apt 
to  produce  dyspepsia  and  diarrhfra,  whilst  the  prolonged 
consumption  of  ergoted  bread  may  give  rise  to  the 
symptoms  of  ergotism,  viz.,  painful  cramps  in  the  limbs 
and  gangrene  of  the  extremities.  Ergot  may  be  detected 
by  the  herring-like  smell  of  propylamine  whicJi  is  pro- 
duced when  liquor  potassae  is  added  to  ergoted  flour. 

With  wheat  at  its  present  low  price,  adulteration  is 
very  little  practised.  Alumina  is  normally  present  to  a 
very  slight  extent  in  flour  and  bread  (equivalent  to  6  to 
10  grains  of  alum  in  a  4  pound  loaf) ;  when  alum  is 
added  in  any  quantity,  its  presence  may  l>c  detected  by 
pouring  a  fresh  infusion  of  logwood,  made  with  distilled 
water,  over  the  flour  or  bread.  The  colour  of  the 
logwood  changes  to  a  lavender  or  violet-gray  in  the 
presence  of  ahim.  There  can  be  little  doubt  that 
atumed  bread  tends  to  produce  dyspepsi.i  and  consti- 
pation, and  it  permits  of  an  inferior  flour  l>eing  sold 
as  a  good  one. 

The  adulteration  of  wheat  flour  with  other  grains, 
such  as  barley,  potato,  beans,  peas,  niaize,  oats,  rye, 
and  rice,  is  now  but  little  resorted  to ;  and  the  addition 
of  mineral  matter  (calcium  sulphate  and  carbonate)  is 
now  seldom,  if  ever,  practised. 

The  nitrogenous  substances  in  these  grains  have  little 
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or  no  adhesive  properties  like  wheat  gluten,  so  that 
bread  cannot  he  made  from  them,  or  only  bread  of  an 
inferior  quality. 

The  nutrition  values  of  some  of  these  cereals  will   be 
seen  from  the  following  table  : 


VVh«t 

(windr- 

Barley. 

Gill. 

M>i«. 

Rye, 

Rice, 

Kuwn). 

Starch"  . 

6371 

63-51 

«78 

64-66 

61-87 

77-66 

Nitrogenous  matter 

{if.,    albumin, 

cerealin,  &c.) 

i5'53 

11-46 

14-67 

14-27 

14-87 

Q34 

Cellulose 

y°3 

7-28 

>3-53 

1-86 

323 

traces 

Sugarf    . 

2-57 

'•3+ 

236 

1-94 

■♦■30 

038 

Fat          .         .         . 

1-48 

I -03 

5«4 

3- ■58 

•■43 

O'lg 

Mineral  matter 

160 

232 

2-66 

'■35 

1-85 

028 

Moisture 

i2-o8 

13-06 

11-86 

12-34 

12-45 

12-15 

Total 

lOO'OO 

TOO-OO 

100-00 

100-00 

loo-oo 

100-00 

It  will  be  seen  that  barley  is — compared  with  wheat 
— poor  in  nitrogenous  matter  and  sugar,  but  rich  in 
cellulose  and  mineral  matter  ;  that  oats  are  exception- 
ally rich  in  cellulose  and  fat,  possess  a  high  amount  of 
mineral  matter,  but  are  relatively  poor  in  starch  ;  that 
maize  possesses  a  high  amount  of  fat,  but  the  cellulose 
is  low;  that  rye  is  exceptionally  rich  in  sugar,  and  in 
other  respects  closely  approximates  to  wheat ;  and  that 
rice  is  rich  in  starch,  but  poor  in  everything  else, 

Barleymeal,  oatmeal,  peas,  lentils,  and  maize  or 
Indian  corn,  are  all  most  nutritious  and  fattening,  and 
very  cheap.    They  are  easily  made  into  most  nourishing 

'  The  starch  includes  from  i  to  1-5  per  cent,  of  dextrine,  and, 
together  with  cellulose  and  sugar,  comprises  the  carbo-hydrates  of 
the  cereals. 

f  The  saccharine  body  is  allied  to  cane  sugar  in  its  reactions. 
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porridges,  soups,  and  puddings,  willi  a  lillle  milk,  and 
form  very  valuable — though  greatly  neglected — foods 
for  people  of  small  incomes.  Starchy  foods  must  be 
carefully  cooked  to  render  them  digestible.  By  boiling 
or  otherwise  cooking,  the  cellulose  coats  of  the  starch 
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granule  arc  ruptured,  and  the  saliva  and  pancreatic 
juice  then  have  ready  access  to  the  granulosc— the 
inner  contents  of  the  granule. 

/yur/zj'.— The  starch  grains  arc  almost  indislinguish- 
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able  from  wheat.    Barley  is  very  nutritious,  and  tlie  ash 
is  rich  in  iron  and  phosphates. 

Rye. — Tiic  starch  grains  are  like  those  of  wheat,  but 
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many  have  a  pecuhar  rayed  hiiiim.  Rye  can  be  made 
into  bread,  which  is  very  acid  and  dark  coloured,  and 
liable  to  produce  dianhcea  in  those  unaccustomed  to  it. 
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Oatmeal.—The  starch  grains  are  small  and  angular, 
and  tend  to  cohere  into  rounded  masses.  It  is  most 
nutritious  and  somewhat  laxative.  When  badly  pre- 
pared, oatmeal  may  contain  hairs  and  husks,  which  are 
liable  to  form  intestinal  concretions. 

Maite. — The  starch  grains  are  small,  compressed,  and 
facetted.  Pellagra,  or  EUphantiasis  italica,  is  a  constitu- 
tional disease  operating  destructively  on  the  integument. 
It  is  most  prevalent  among  those  living  under  the 
adverse  conditions  of  dirt  and  poverty  so  rife  in  Italy. 
That  the  consumption  of  diseased  maize,  to  the  exclu- 
sion of  other  diet,  is  the  main  factor  in  producing 
epidemics  of  the  disease  is  proved  by  the  circumstance 
that  in  the  Lombardo- Venetian  territory,  where  this  is 
the  chief  food  of  the  agricultural  labourer,  the  disease  is 
most  in  evidence,  and  also  by  the  fact  that  pellagra-like 
symptoms  have  been  produced  by  fee<ling  lower  animals 
with  the  diseased  maize. 

Peas  and  Beans. — Pea  starch  grains  are  more  or  less 
oval,  and  many  of  them  have  a  central  longitudinal  cleft 
extending  nearly  the  whole  length  of  the  grain.  Pcan 
staich  cells  are  somewhat  larger  and  more  flattened,  an<l 
the  longitudinal  cleft  is  crossed  by  transverse  fissures. 
Peas  and  l>eans  contain  a  large  amount  of  protcid  sub- 
stance called  legumin  (hence  the  name  of  Leguminosx 
applied  to  these  vegetables),  also  sulphur  and  phos- 
phorus. They  are  highly  nutritious,  but  somewhat 
indigestible,  and  arc  apt  to  give  rise  to  flatus  from  the 
formation  of  sulphuretted  hydrogen. 

Ht(t. — The  starch  grains  are  very  minute,  angular, 
and  facetted  ;  in  shape  like  maize  starch  cells,  but  very 
much  smaller.  Rice  is  poor  in  everything  but  starch, 
which  is,  however,  extremely  digestible  when  cooked. 

Arrourroot. — There  are  many  different  kinds  of  arrow- 
root, obtained  from  various  countries.     As  a  rule,  the 


starch  grains  are  oval  or  pyriform  in  shape,  of  large 
size,  and  with  the  hiium  as  a  slight  cleft  or  cross  at  the 
larger  end  of  the  grain.  The  concentric  lines  are  very 
well  marked. 

Sago  and  Tapioca. — The  starch  grains  of  sago  are 
large,  irregular  in  shape,  with  ill  defined  concentric 
lines.  Those  of  tapioca  resemble  sago,  hut  are  con- 
siderably smaller. 

Potato. — The  starch  grains  of  potato  are  very  charac- 
teristic. Many  of  them  are  large  and  pyriform  in  shape, 
the  hilum  being  at  the  smaller  end,  and  the  concentric 
lines  are  very  well  marked.  Potatoes  are  very  deficient 
in  proteids  and  fats,  but  the  starch  is  most  digestible 
when  properly  cooked  ;  and  they  are  most  valuable 
antiscorbutics,  for  they  contain  large  quantities  of  the 
salts  of  the  vegetable  acids — malates,  tartrates,  and 
citrates.  The  juice  of  the  potato  is  acid.  Potatoes  are 
better  cooked  by  steaming  in  their  skins  than  by  boiling 
when  peeled  ;  for  by  the  first  method  there  is  no  loss  of 
the  salts  to  the  water  used  for  boiling,  as  occurs  in  the 
second  method, 

In  the  case  of  all  vegetables,  and,  in  fact,  in  all 
cooking  processes,  soft  water  is  far  better  than  hard 
water,  which  coats  the  subtances  with  a  layer  of  chalk 
deposit,  and  prevents  the  penetration  of  heat  to  the 
interior. 


BEVERAGES. 

Coffee. 

Coffee  berries  contain  fat,  legumin,  sugar,  dextrine, 
vegetable  acids,  and  mineral  salts  ;  also  an  aromatic 
oil,  an  alkaloid— caffein  (about  o-8  per  cent.)  — and  an 
astringent  —  caffeo-tannic  acid.  When  the  berry  is 
roasted,  it  swells  from  the  formation  of  gases,  the  sugar 
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is  changed  into  caramel,  and  the  aroma  is  dcxclopcd. 
The  roasted  coffee  is  made  into  a  beverage  by  infusion 
witli  nearly  boiling  water.  If  the  water  is  used  at  a 
boiling  temperature  some  of  the  aroma  is  lost. 

The  coffee  infusion  acts  as  a  stimulus  to  tlie  nervous 
system  ;  it  increases  the  frer]uency  of  the  heart's  action, 
the  urinary  excretion,  and  the  action  of  the  skin,  and  is 
said  to  increase  the  evolution  of  carl)onic  acid  from  the 
lungs.  It  has  considerable  effect  in  removing  the  sensa- 
tion of  fatigue.  It  is  valuable  as  a  beverage  fur  men 
undergoing  exertion  both  in  hot  and  cold  climates,  from 
its  stimulant  and  invigorating  qualities.     The  heat  of 
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the  infusion  is  useful  in  cold  climates,  wltilst  the  in- 
creased action  of  the  skin  pioduces  a  cooling  ciTect  in 
hot  climates. 

The  principal  adulterant  of  coffee  is  chicory.  Occa- 
sionally starches,  such  as  arrowroot  and  potato  flour, 
arc  (taudulcntly  added.  Under  the  microscope,  diligent 
search  should  be  made  for  the  lung  oval  cells  of  the 
testa  of  the  berry,  with  their  irrugul.ir  cross  markings 
(fig.  Ho) ;  and  fragments  of  the  internal  structure  of  the 
betry  mxy  be  seen,  consisting  of  an  irregular  network 
of  fibres  forming  a  ccllubr  structure,  in  which  ace  cod- 
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tained  daik  angular  masses  and  oil  glubules.  All  these 
structures  are  better  seen  beI"ore  the  berry  is  roasted 
and  ground.  Ciiicory  is  revealed  by  the  presence  of 
fragments  of  much  coarser  areolar  tissue,  and  by 
the  long  dotted  ducts,  which  arc  quite  characteristic 
(fig.  8i). 
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Roasted  cofTee  floats  for  a  considerable  lime  in  water, 
owing  to  the  gases  that  are  developed  in  roasting,  and 
to  the  quantity  of  fat  it  contains;  whilst  roasted  chicory 
rapidly  sinks.  Chicory  contains  no  aromatic  oil  nor 
caffcin  like  coffee,  but  it  has  much  sugar  in  its  composi- 
tion. When  mixed  with  coffee  it  serves  to  sweeten  it, 
and  causes  a  darker  coloured  infusion  than  pure  coffee 
gives.  Other  more  rare  adulterants  of  coffee  are  other 
starches  (such  as  potato  and  sago),  and  caramel  or 
burnt  sugar. 


Te\. 

Dried  tea  leaves  contain  albjniin,  extractives,  dex- 
trine, and  mineral  salts,  also  tannin  (about  13  percent.), 
an  aromatic  oil,  and  an  alkaloid — tliein  (3  per  cent,). 
Green  tea  contains  more  tannic  acid  and  etliereal  oils 
than  l)lack  tea,  and  is  prepared  from  younger  leaves, 
hnt  the  thein  appears  to  be  generally  less  in  amount. 
The  diff'jrencc  between  bl.ick  and  green  te.is  is  entirely 
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due  to  their  mode  of  preparation  ;  they  are  both  derived 
from  the  same  plant.  Formerly  tea  was  exported 
almost  exclusively  from  China,  but  now  Indian  and 
Ceylon  teas  have  come  largely  into  the  market. 

Tea  should  he  made  with  boiling  water,  but  it  should 
not  be  allowed  to  stand  for  more  than  five  minutes,  the 
infusion  being  then  poured  into  another  vessel.  If  this 
is  not  done,  so  much  tannin  is  extracted  as  to  cause  the 
infusion  to  be  bitter  and  astringent,  and  most  unwhole- 
some. If  soft  water  is  used,  a  smaller  quantity  of  tea 
is  necessary  than  with  hard  water,  as  the  soft  water 
extracts  more  fronj  the  leaves  than  hard.  Dextrine, 
glucose,  tannin,  thein,  the  volatile  oil,  and  a  small 
quantity  of  the  albumin  pass  into  the  infusion.  Tea 
should  not  be  taken  with  or  shortly  after  n)eals.  as  the 
tannin  tends  to  coagulate  the  albumins  of  the  food 
undergoing  the  process  of  digestion. 

The  action  of  tea  on  the  system  is  similar  to  that  of 
coffee.  It  is,  therefore,  valuable  as  a  nervous  stimulant 
and  restorative  in  fatigued  conditions  of  the  body.  The 
abuse  of  tea  leads  to  weakened  digestion,  constipation 
from  the  astringent  properties  of  the  t.innin,  and  ner- 
vous depression  leading  to  insomnia  and  tmnMinK — thi; 
effects  of  the  volatile  oil  and  thein. 

The  structure  of  the  tea  leaf  is  characteristic,  ami  ii 
best  seen  when  the  leaf  is  young  and  green.  It  is  oval 
in  shape  (fig.  82),  with  a  serrated  border,  each  serration 
being  spine  mounted,  and  the  serratiuns  termin.'iting  :i 
httle  before  the  point  of  attachment  of  the  stalk  ;  the 
primary  veins  run  out  alternately  from  the  midrib,  and 
turn  towards  the  point  of  the  leaf,  but  without  re;»ching 
the  border,  the  venation  being  luoped :  the  apex  of  the 
leaf  is  notched.  Adulteration  ^^ith  foreign  leaves  is  now 
little  practised :  but  used  leaves  may  l>e  dried,  mixed 
H/ih  ^'uiii  and  rolled,  and  sold  as  sound  lea.     Green  tea 
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used  to  he  coloured  or  faced  with  indigo,  Prussian  hhic, 
and  other  mineral  substances. 


Fio.  82.— Tea  Leaf. 


Cocoa. 


Cocoa  is  a  food  as  well  as  a  beverage,  and  is  mucli 
less  astringent  than  tea  or  coffee.  Cocoa  nibs  contain 
nearly  50  per  cent,  of  oil  (cocoa  butter),  proteids  aboul 
15  per  cent.,  and  theobromin — allied  to  thein  and  caffein 
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F(0.  88.— Cocoa  Starch  Cella  (  x  about  200). 

— 0-5  to  i'7  per  cent.  The  ash  is  rich  in  phosphate  ol 
potash.  For  people  of  weak  digestion,  some  of  the  fal 
of  the  cocoa  should  be  removed  by  heat  and  pressure. 

HH 
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H  Cocoa  is  generally  adulterated  with  sugar  and  the 
cheaper  starches,  in  order  to  disguise  the  large  amount 
of  fat  and  to  render  it  more  palatable.  Some  of  the 
homcRopathic  cocoas  contain  hardly  any  cocoa  at  all. 
The  starch  grains  of  cocoa  are  very  small,  and  arc  often 
seen  massed  into  the  intercellular  spaces  of  the  struc- 
ture of  the  nib  (fig.  83). 


Mineral  Waters. 

These  arc  either  derived  from  natural  springs,  the 
water  of  which  contains  gases  (usually  CO,)  or  mineral 
salts  in  solution  (salts  of  potassium,  sodium,  magnesium 
or  lithium),  or  they  are  manufactured  by  impregnating 
ordinary  river,  spring,  or  well  water  with  CO,  gas,  and 
dissolving  in  it  small  quantities  of  the  mineral  salts 
usually  found  in  natural  waters.  Hoth  kinds  of  water 
have  come  very  largely  into  use  in  recent  years.  Besides 
the  stimulant  etTect  upon  the  digestive  organs  of  the 
contained  CO,  and  the  dietetic  value  of  the  mineral 
salts,  these  waters  serve  a  useful  purpose  in  providing 
a  pure  beverage  for  consuniption  in  cases  where  there 
may  be  hesitation  to  drink  the  ordinary  water  provided 
for  domestic  purposes,  on  the  ground  of  its  possibly 
being  tainted  with  impure  matters  derived  from  drains, 
cesspools,  or  other  sources.  Care  should  be  taken, 
H  however,  to  choose  a  mineral  water  which  docs  not 
contain  an  excess  of  coiiunon  salt,  producing  thirst,  or 
an  excess  of  alkaline  salts,  which  act  as  depressants 
on  the  nervous  system.  Travellers  l)oth  at  home  and 
abroad  usually  show  a  wise  discretion  in  thtir  prefer- 
cncc  for  mineral  waters  to  the  ordinary  water  of  the 
establishments  in  which  they  arc  st.iying  or  seeking 
tcfreshmcnt.  I'oo  much  reliance,  however,  should  not 
l>c  placed  on  ttic  purity  of  the  artificial  waters,  as  iq 
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more  than  one  instance  it  has  conic  to  our  knowledf 
that  certain  nianufacturers  have  obtained  their  wate: 
from  grossly  polluted  sources. 

There  is  one  other  danger  in  the  use  of  the  artificial^ 
\  aerated  waters  that  requires  mention.    They  very  con 

monly  exhibit  traces,  and  often  very  decided  traces,  i 
lead.  This  metal  is  dissolved  from  lead  pipes  or  leade 
apparatus  used  in  the  manufacture  of  the  COj,  and  tl 
water  charged  with  this  gas  holds  the  lead  in  solutioi 
On  driving  off  the  CO,  by  boiling,  the  lead  is  usual! 
deposited  with  the  sediment  of  the  alkalies,  which  ai 
also  held  in  solution  by  the  gas.  Another  possib 
source  of  the  metal  is  the  silicate  of  lead  which  entei 
into  the  composition  of  the  glass  bottles  in  which  sue 
waters  are  stored  ;  and  traces  of  lead  may  be  found  i 
bottles  which  have  been  scoured  with  lead  shot,  an 
subsequently  not  been  properly  washed  out.  Th 
habitual  use  of  these  waters  containing  traces  of  lea 
would  undoubtedly  in  time  lead  to  the  development  < 
symptoms  of  lead  poisoning,  the  source  of  which  woul 
in  all  probability  be  overlooked. 

Fermented  Liquors. 

A  solution  of  grape  sugar  when   subjected   to   th 
action  of  the  yeast  plant  {Saccharomyces  cerevhia)  at 
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temperature  of  from  20°  C.  to  30°  C,  is  mainly  split  u 
into  alcohol  and  carbonic  acid. 

C6H„06  =  2C,H60  +  2CO,. 

WA1 
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The  yeast  plant  is  composed  of  minute  organized 
cells,  oval  in  shape,  and  with  granular  protoplasm 
(fig.  84).  In  the  presence  of  saccharine  fluids  at  a 
suitable  temperature,  the  cells  undergo  enormous  multi- 
ilication  by  the  process  of  budding,  and  the  alcoholic 
fermentation  ensues.  Under  the  microscope,  the  cells 
which  arc  budding  may  be  seen  as  one  large  cell  united 
to  one  or  two  smaller  cells,  end  to  end ;  or  groups  of 
several  budding  cells  are  attached  together.  The  CO, 
escapes  as  gas  from  the  fermenting  liquor,  whilst  the 
alcohol  remains  dissolved  in  the  solution. 

The  fermented  drinks  may  be  considered  under  the 
eads  of  spirits,  wines,  and  beers. 
Spirits. — Brandy  is  manufactured  by  the  distillation 
of  wine.  It  contains  from  50  to  60  per  cent,  of  alcohol, 
the  remainder  of  the  liquor  being  water,  in  which  are 
held  various  aromatic  ethers  (acetic,  u-nanthic,  butyric, 
and  valerianic)  and  traces  of  other  bodies.  Its  specific 
gravity  is  generally  from  0*930  to  0-940  at  62°  F.  Kuni 
is  distillc<l  from  fermented  molasses. 

Whisky  is  made  by  distillation  of  malted  grain.  When 
new,  it  contains  amylic  alcohol  or  fusel  oil,  a  substance 
which,  when  present  in  any  quantity,  produces  rapid 
intoxication,  followed  by  intense  headache  and  depres- 
sion. The  percentage  of  alcohol  in  whisky  is  much  the 
same  as  in  brandy.  Gin  is  weaker  in  alcohol ;  it  con- 
ins  oil  of  juniper,  and  is  sweetened  with  various  aro- 
matic substances.  Absinthe  is  a  liqueur  flavoured  \\'ith 
various  css^ential  oils,  and  contains  oil  of  wormwood,  a 
powerful  poison  to  the  nervous  system. 

IVwj.— What  arc  known  as  the  lighter  wines — ^thc 
bordeaux,  burgundies,  Rhine  wines,  champagnes,  and 
moselles — contain  usually  less  than  10  or  15  per  cent,  of 
alcohol  by  volume.  The  stronger  wines — port,  sherry, 
and  madeira— contain  from  13  to  35  per  cent,  of  spirit. 


Besides  alcohol,  wines  contain  various  aromatic  com- 
pound ethers  (cenanthic,  citric,  malic,  racemic,  butyric, 
caprylic,  pelargonic,  &c.)  which  impart  the  bouquet, 
albuminous  and  colouring  matters,  sugar,  free  organic 
acids,  and  tiie  acid  salts  of  the  vegetable  acid  series, 
including  tannic  acid  (which  is  largest  in  amount  in 
new  port  wines)  and  mineral  salts,  chiefly  those  of 
potassium. 

Wines  are  manufactured  from  the  fermented  juice  of 
the  grape.  Cheap  wines  are  largely  made  from  other 
fruits,  and  even  grape  juice  wine  is  subject  to  various 
fortifications  and  adulterations  to  fit  it  for  ditTerent 
markets.  Home  made  wines  and  cider  are  occasionally 
manufactured  or  stored  in  earthenware  vessels,  coated 
inside  with  a  litharge  glaze,  which  readily  gives  up  large 
quantities  of  lead  to  such  acid  liquids,  and  is  thus  pro- 
ductive of  lead  poisoning.  If  earthenware  vessels  are 
used,  they  should  be  coated  with  a  hard  salt  glaze. 
When  wine  is  kept  long  in  cask  or  bottle,  there  is  a 
deposit  of  the  colouring  matter  and  tannic  acid,  and 
some  of  the  sugar  disappears.  If  air  is  not  absolutely 
excluded,  the  acetous  fermentation  is  liable  to  be  set  up 
from  the  entrance  of  the  ferment  [Mycoderma  acett), 
which  transforms  alcohol  into  acetic  acid  (C,H(,0 
becomes  CjH^O,),  and  the  wine  is  soured.  The  more 
common  adulterants  used  are  sugar,  various  ethers, 
logwood  and  other  colouring  agents,  alum,  and  sulphate 
of  lime.  The  latter  improves  the  colour  of  cheap  wines, 
and  the  addition  is  known  as  the  "  plastering  "  of  wine. 
Tiie  practice  is  injurious,  and  by  giving  rise  to  the 
formation  of  potassium  sulphate  it  induces  a  purgative 
effect  upon  consumers. 

Been. — These  beverages  were  formerly  made  from 
malt  and  hops  only ;  now  they  can  be  legally  made 
from  starch  and  sugar  and  various  vegetable  bittern. 
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Pure  beer  is  the  fermented  liquor  obtained  from  the 
Srminating  grain  of  barley.  The  grains  are  made  to 
irtialiy  germinate  by  being  first  moistened  and  then 
kept  warm  until  they  begin  to  sprout.  A  small  quantity 
of  the  ferment  "  diastase  "  is  thus  produced.  Further 
germination  is  then  prevented  by  healing  the  barley  in 
kilns  and  thus  con-verting  it  into  "  malt."  The  malt  is 
^^ext  subjected  to  "mashing"  by  mixing  with  water  at 
|l6o°  I',  and  well  crushing  and  stirring  for  about  2  hours. 
During  this  process  the  diastase  acts  upon  the  starch 
and  largely  converts  it  into  the  sugar — "  maltose." 
After  clarifying,  the  infusion  is  boile<l  with  hops,  and 
then  the  cooled  liquor  or  "  wort  "  is  transfeired  to  vats 
to  ferment  (yeast  lieing  added).  When  the  alcoholic 
fermentation  has  proceeded  far  enough  the  yeast  is 
removed  and  the  beer  is  run  into  casks. 

In  recent  years  glucoses  and  invert  sugars  have  been 
largely  substituted  for  the  malt,  and  these  sugars  have 
l>ccn  obtained  from  rice  and  other  starches  by  the  action 
of  dilute  sulphuiic  acid.  The  conunercial  sulphuric 
acid  is  liable  to  contain  a  considerable  amount  of 
arsenic  (derived  from  the  iron  pyrites  used  in  its  manu- 
facture) ;  and  this  circumstance  was  responsible  for  n 
considerable  outbreak  of  arsenical  poisoning  among  l)ccr 
consumers,  chicHy  in  the  north-western  part  of  ICngland, 
in  the  winter  of  lyoo  lyoi.  Amounts  of  arsenic  varying 
from  (l^n  to  '  grain  per  gallon  of  beer  were  found  by 
different  analysts,  and  some  invert  sugars  were  found  to 
contain  arsenic  etiuivalenl  to  1  04  grains  of  nrscnious 
oxide  per  pound. 

It   may  be  stated  that  traces   ol    .iim-imi.  Ii.ive  been 

found  in  jams,  sweets,  lemonade,  liqueurs,  sugar,  and 

treacle— all  now  largely  manufactured   from  glucose — 

and  also  in  several  chemical   substances— such  as  sul- 

phate  oi  sod.i,  phosphate  of  soda,  carbonate  of  soda  and 
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potash,  caustic  soda,  sulphurous  acid,  sulphites,  borax, 
oxide  of  iron  (used  for  colouring  confectionery),  &c.  It 
lias  also  been  pointed  out  that  the  coke  used  for  kilning 
the  barley  gives  off  traces  of  arsenic  when  burned. 

The  percentage  of  alcohol  in  beer  varies  from  3  per 
cent,  in  the  lighter  to  6  or  7  per  cent,  in  the  heavy 
beers.  There  are  also  contained  in  beer,  malt  extract 
(dextrine,  sugar,  lupulitc,  &c.),  4  to  15  per  cent.,  free 
organic  acids,  traces  of  albuminous  matters,  and  salts. 

Considered  as  articles  of  diet,  wine  and  beer  will  pro- 
duce effects  which  may  be  partly  ascribed  to  tlie  action 
of  alcohol  on  tlie  system,  and  partly  to  tlic  other  con- 
stituents of  which  they  are  composed. 

Leaving  out  of  consideration  for  the  moment  the 
effects  of  the  alcoiiol,  it  will  l>e  seen  that  wine  and  beer 
possess  some  of  tlie  properties  of  a  food.  They  contain 
sugar  and  starchy  matters,  mineral  salts  lich  in  potash 
and  phosphates,  and  a  considerable  amount  of  the  vege- 
table acids  and  their  salts,  which  are  so  valuable  as 
antiscorbutics.  The  compound  aromatic  ethers  in  wine 
may  also  act  as  aids  to  digestion,  by  promoting  the  flow 
of  the  pancreatic  and  intestinal  juices;  and  the  bitters 
of  beer  act  as  stomachic  tonics.  Little  can  be  said 
against  the  use  of  beer  and  wine  in  strict  moderation ; 
but  taken  habitually  in  excess,  they  lead  to  the  storage 
up  of  superfluous  fat  in  the  tissues,  and  they  interfere 
with  the  proper  elimination  of  eflfete  matters ;  imperfect 
oxidation  leads  to  an  excessive  formation  of  uric  acid, 
and  a  plethoric  and  gouty  habit  are  produced,  even- 
tually tending  to  palpable  disease.  These  effects  are, 
doubtless,  in  part  due  to  the  excess  of  alcohol  taken  into 
the  system,  but  not  entirely.  Lessened  metamorphosis 
lias  a  considerable  share  in  their  production. 


Alcohol  when  taken  into  the  body  is  rapidly  absorbed 
unchanged  into  the  blood.  Taken  in  excess,  it  speedily 
commences   to   pass   out   of   the  body   in   an    unaltered 

(condition.  The  principal  channel  of  elimination  is  the 
lungs  and  breath,  but  small  portions  are  got  nd  of  by 
the  skin,  the  urine,  and  the  bowels.  The  greater  por- 
tion, however,  of  the  alcohol  (98  per  cent.J  is  destroyed 
in  the  body.  In  fact,  when  taken  in  small  (not  exces- 
sive) quantities,  alcohol  acts  as  a  food,  supplying  heat 
and  energy  by  its  oxidation  in  a  similar  manner  to  the 
fats  and  carl)o- hydrates. 

After  full  doses  of  alcohol  given  to  a  healthy  man  or 
animal,  the  following  effects  have  been  noted:    I.  The 
H  vessels  of  the   stomach  are  dilated,  and    the   flow  uf 
gastric  juice  augmented.     2.  The  force  and  frequency 
of  action  of  the  heart  are  increased.     3.  There  is  partial 
H  paralysis  of  the  vaso-motor   nerves   to   the   superticiai 
■  vessels,  which  dilate,  causing  flushing  of  the  skin  of  the 
face  and   other   parts.     4.  The  brain  is  partially  an;es- 
thctizcd;  the  rapidity  of  external  impressions,  the  power 
_^of  concentrated  thought,  and  the  discrimination  of  the 
■senses,  arc  all  lessened,  as  is  also  sustained  voluntary 
muscular  power.      5.  The  temperature  of  the  body  is 
blightly  depressed ;    but  although   there  may  be  a  de- 
creased elimination  of  CO,  by  the  lungs,  there  is  no 
delay  or  diminution  in  the  metamorphosis  of  tissue,  for 
the  excretion    of    urea   in   the    urine   is   not    aHcctol. 
6.  The  acidity  and  water  of  the  urine  arc  somewhat 
increased. 

The  long  continued  inunoderatc  use  of  alcohol  leads 

lo  degenerative  changes,  primarily  in  the  stomach  and 

//Ve/>  and  ut  a  Inter  perioii  in   the  kidneys,  lungs,  brain. 
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hfe  ts  DOW 
Staiwrtrs  bear  orerwfadming 
It  anj  be  stated  geaetally  that 
tlie  aactafity  of  tke  iampaate  is  bota  four  to  fiv« 
times  greater  dua  that  of  the  strktlj  teaapesate  of  the 
age  and  ta  the  saoie  class  of  life.  \Mten  the 
mortality  of  oocapted  males  in  1890-3,  at  ages  ranging 
from  tvesty-frve  to  sixty-five  years,  from  akoliolism 
aikd  diseases  of  the  liver,  is  expressed  as  100,  and  tite 
mortality  in  each  separate  industry  is  teduced  to  a 
figore  proportional  to  that  standard,  the  following 
results  are  obuined  by  Dr.  Tatham  (Supplement  to 
the  55th  Report  of  the  R^istrar-Gencial : 


DcATiis  ntoM  Alcohol  axd  Diskasss  or  tmb  Liw*  (iSgna) 

Occupied  males 
Coachman,  cabman 
Costermongei 
Coal  heaver    . 


Fishmonger  . 
Musician 
Ha>r  dtcssir  . 


100 
"53 
163 
165 
168 
168 
'75 


Dock  labouier 
Chimney  sweeper 
Butcher 
Brewer  . 
Inn  seivaiil 
Inn  keeper 


'93 
luo 

J50 
7J3 


Dr.  Tatliam  points  out  that  the  mortality  from  Alco- 
holism is  often  registered  as  due  to  other  i  auses  thiit 
are  known  to  be  frequctitly  associateil  wiili  .iliulmlu- 
excess,  and  this  is  often  purposely  iloni-  mit  ol  nmiiil 
to  the  feelings  of  relatives.  I-Ixpeiieiue  pnivi-H  llinl 
the  liver  is  the  organ  which,  nu)re  tiiun  uny  other,  i» 
aflTected  prejudicially  by  intciDpevance. 
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Those  engaged  in  tlie  brewing  and  licensed  victualling 
trades  are  notably  an  intemperate  class ;  but,  naturally, 
if  the  temperate  men  in  these  trades  could  be  excluded, 
the  figures  indicating  special  disease  of  organs  would  be 
very  much  magnified. 

All  evidence  points  to  the  fiict  lliat  alcohol,  except  in 
strict  moderation,  is  injurious  to  men  who  are  exposed 
to  extremes  of  climate  (great  heal  and  great  cold),  or 
who  have  to  undergo  great  bodily  or  mental  labour,  Its 
effect  on  the  circulation  is  distinctly  injurious  to  those 
engaged  in  hard  bodily  work,  for  it  causes  the  heart  to 
do  more  work  without  conferring  any  counterbalancing 
aiivantagc. 

In  strictly  moderate  doses  alcohol  has  not  been 
proved  to  do  any  harm  ;  and,  taken  in  tlic  form  of  beer 
or  wine,  many  of  the  inhabitants  of  our  large  towns 
find  it  a  useful  aid  to  digestion  and  assimilation.  A 
moderate  dose  may  be  taken  to  be  I  to  li  fluid  ounces 
of  pure  alcohol  daily.  Hut  it  must  be  remembered  that 
there  are  idiosyncrasies  as  regards  alcohol,  and  that 
what  is  harmless  to  one  individual  ni.iy  be  injurious  to 
another.  For  thoroughly  healthy  people,  alcohol  in  any 
form  presents  no  advantages,  and  for  children  and 
young  people  it  is  decidedly  iiijuiious.  The  compara- 
tive immunity  enjoyed  by  drunken  persons  from  the 
usual  effects  of  accidents  is  due  to  the  paralysis  of  those 
nervous  centres  through  which  a  shock  would  lie  pro- 
duced in  a  condition  of  sobriety. 


CONDIMENTS. 


Vitttgar  is  prepared    by   acetous   fermentation   from 

while  wine  or  malt.     Vinejjars  made  chiefly  from  un- 

malted  barley,  maixe,  rice,  and  other  grains,  and  from 

sugar  or  molasses,  arc  sometimes  sold  as  malt  vinegar. 


BEVERAGES. 

It  should  contain  from  about  3  to  5  per  cent,  of  glacial 
acetic  acid.  It  is  largely  adulterated  with  sulphuric 
acid,  which  is  injurious  from  its  tendency  to  form 
insoluble  sulphate  of  lime  in  the  body.  Acetic  acid  is 
neutralized  in  the  system  by  snda,  and  ultimately  be- 
comes transformed  into  an  alkaline  carbonate. 

In  cases  where  vinegar  has  been  added  to  "  tinned 
articles,"  such  as  pickles,  fish,  &C.,  the  liquid  should  be 
tested,  where  necessary,  for  lead,  zinc,  copper,  or  tin, 
since  the  vinegar  adds  materially  to  the  solvent  action 
of  the  juices,  &c.,  upon  the  vessels  containing  them. 
Copper  can  often  be  detected  by  allowing  a  piece  of 
steel  (as  a  knife  blade)  to  lie  in  the  liijuid  fur  a  short 
time,  when  it  becomes  coated  with  a  layer  of  copper. 

Lemon  and  lime  Juice  contain  vegetable  acids,  chiefly 
citric,  about  30  grains  in  a  fluid  ounce.  Tiiey  are 
frequently  mixed  with  water,  and  sometimes  with  other 
acids,  such  as  sulphuric  and  tartaric  acids.  Lime  juice 
has  generally  a  little  less  acid  than  lemon  juice.  They 
are  most  valuable  antiscorbutics. 

These  vegetable  acids  and  their  salts  are  also  largely 
contained  in  all  kinds  of  fresh  fruit ;  but  perhaps  the 
chief  advantage  of  fruit  in  a  diet — when  taken  early  in 
the  day  (before  breakfast) — is  its  tendency  to  promote 
evacuation  of  the  bowels. 

MiislarJ  is  generally  adulterated  with  wheat  flour  and 
turmeric,  for  the  pure  seed  possesses  too  acrid  a  tasic 
to  be  palatable  ;  pepl>cr  with  rice  and  minerals.  Added 
mineral  matter  in  pepper  can  be  mostly  separated  by 
shaking  up  thoroughly  with  chloroform — when  foreign 
mineral  matters  settle. 

Piikles  are  now  generally  coloured  with  chlorophyll 
and  vegetable  colouring  matters.  Formerly  copper  was 
much  used  for  this  purpose. 
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Sweetnuais  and  confectionery  are  now  almost  invariably 
sold  free  from  any  injurious  colouring  matter.  The 
coloration  is  imparted  by  careful  heating  of  the  sugar, 
by  which  a  vatiety  of  sliades  of  yellow  and  brown  may 
l)e  obtained,  or  by  the  use  of  such  harmless  vegetable 
matters  as  saffron,  turmeric,  annatto  (yellow),  cochineal 
(red),  logwood  (violet),  and  chlorophyll  (green).  The 
use  of  the  mineral  and  metallic  salts  for  colouring  pur- 
poses—  those  containing  iron,  lead,  copper,  arsenic, 
chromium,  and  zinc — is  now  hardly  practised  at  all. 

An  easy  and  rapid  test  for  the  separation  of  poisonous 
from  harn)less  colouring  matters  may  be  applied  as 
follows  :  I  )issolve  some  of  the  sweetmeat  m  distilled 
water.  If  the  colouring  matter  is  soluble  and  is  bleached 
on  adding  solution  of  sodium  hypochlorite,  it  is  organic 
and  probably  harmless.  If  the  colouring  matter  is  in- 
soluble and  is  not  bleached  by  sodium  hypochlorite,  it 
is  mineral  and  probably  poisonous. 

The  aniline  dyes  arc  but  little  used  for  colouring 
sweetmeats.  They  are  soluble  in  alcohol  and  (nostly 
innocuous,  if  quite  free  from  arsenic,  which  is  usually 
the  case.  Picric  acid  (trinitro  phenol  or  carbaxotic 
acid),  a  yellow  dye,  is,  however,  injurious;  and  the 
same  may  be  said  of  the  yellow  colouring  matter  de- 
rived from  gamlKtge,  and  certain  aniline  dyes.  (Naph- 
thol  green,  aniline  yellow,  Martin's  yellow,  f-tismarck 
brown,  methylene  blue,  and  gentian  violet). 


Tinned  Foods. 

Most  articles  of  food  when  preserved  in  tins  run 
some  risk  of  contamination,  owing  to  the  metal  l)eing 
absorbed  by  the  action  of  the  juices  confined  in  the  tin. 
Tlte  chief  <langer  lies  in  the  absorption  of  lead  from  the 
the  solder  employed. 
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To  preserve  the  contents  of  the  "  tins,"  the  lids  are 
hermetically  sealed  down  by  solder  when  the  contents 
are  at  the  boiling  temperature;  and  the  partial  vacuum 
thus  created  in  the  tins  is  evidenced  by  their  tops  and 
bottoms  being  slightly  depressed  from  the  outside. 
Should,  however,  there  be  any  flaw  in  the  "  tins,"  or 
the  solder  seal  be  imperfectly  applied,  or  should  the 
heating  process  be  ineffectually  performed,  then  the 
contents  may  go  bad.  In  this  event,  owing  to  the 
accumulation  of  the  gases  of  putrefaction,  the  tops  and 
bottoms  of  the  "  tins  "  become  quite  flat,  and  later  on 
convex  outwards,  and  the  tin  when  struck  gives  out  a 
hollow  or  drum  like  sound.  It  is  not  difficult,  therefore, 
in  the  majority  of  cases,  to  detect,  before  opening  them, 
those  "  tins  "  in  which  the  contents  are  bad.  Some- 
times, however,  "  blown  tins  "  have  been  punctured  to 
allow  the  accumulated  gases  to  escape,  and  the  small 
opening  has  been  subsequently  closed  by  solder.  The 
presence  of  two  solder  points  on  a  tin  would  therefore 
justify  a  suspicion  that  this  practice  had  been  re- 
sorted to. 

Tinned  articles  of  food  may  be  injurious  from  the  fol- 
lowing circumstances : — 

1.  Changes  in  the  food  itself — generally  of  decom- 
position. 

2.  The  addition  of  antiseptics  to  the  food. 

3.  The  use  of  colouring  agents. 

4.  Impurities  yielded  by  the  tins  or  the  solder  used  in 
making  them.  Hy  the  action  of  the  juices,  or  of  the 
vinegar  or  oil  employed,  arsenic,  copper,  lead,  tin,  and 
zinc  may  be  taken  up. 
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CHAPTER     IX. 

THE  CONTAGIA— COMMUNICABLE   DISEASES  AND 
THEIR  PREVENTION— HOSPITALS. 

The  Contacia. 

Certain  diseases  of  men  and  animals  have  long  tieen 
known  to  be  communicable  from  one  individual  to 
another,  and  recent  investigations  have  shown  that 
some  of  these  diseases  are  not  only  communicable  from 
one  individual  of  the  same  species  to  another,  but  are 
interchangeable  between  animals  and  men,  and  between 
men  and  animals.  Various  doctrines  have  been  held  at 
different  times  as  to  the  nature  of  the  contagia  in  these 
diseases,  but  the  theory  of  their  constitution  which  is 
embraced  in  what  is  known  as  the  "  germ  theory  of 
disease  "  need  only  be  discussed  here  as  being  the  most 
recent  cnuriciatiun  of  the  scientific  study  of  disease 
causation,  and  as  possessing  certain  inherent  probabili- 
ties which  are  absent  from  the  earlier  beliefs  on  this 
subject.  Whilst  endeavouring  to  supply  an  explanation 
of  such  facts  as  are  known  about  infection  or  contagion 
by  the  aid  of  the  germ  theory,  it  need  not  necessarily 
be  assumed  that  any  such  doctrine  is  capable  of  satis- 
factorily explaining  evety  occurrence  in  disease  dissem- 
ination, or  that  a  definite  settlement  of  a  very  profound 
and  complex  subject  has  been  arrived  at. 

Jhc  germ  theory,  then,  assumes  that  the  contagia  are 
microscopic  livmg  particles,  organized  in  structure  and 
for  the  most  pait  capable  of  independent  life  both  within 
»n</  without  the  animal  body.    These  organic  particles 
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are  believed  to  form  part  of  that  large  class  the  schizo- 
mycdes.  which  emhraces  the  lowest  and  least  developed 
forms  of  vegetable  life,  and  constitutes  a  link,  as  it  were, 
between  the  two  great  divisions  of  the  animal  and  vege- 
table world.  To  this  class  belong  the  bacilli,  micro- 
cocci, spirilla,  vibrios,  &c.,  which  exist  in  such  enormous 
numbers  in  the  air,  water,  and  soil  in  every  region  and 
climate,  and  to  which,  in  conjunction  with  yeasts  and 
moulds  (fungi),  the  fermentative  and  putrefactive  changes 
(to  which  all  organized  structures  are  more  less  liable) 
are  due. 

The  probability  of  the  view  that  the  particles  of  con- 
tagia  are  really  minute  organisms  is  favoured  by  the 
analogy  of  the  processes  of  typical  infectious  disease 
in  the  human  body  to  those  of  fermentation  in  an  organic 
lifjuid.  When  the  yeast  plant  obtains  access  to  a  sac- 
charine fluid  and  the  temperature  is  suitable,  the  cells 
of  the  yeast  rapidly  multiply,  and  after  a  certain  time, 
which  corresponds  with  the  period  of  incubation  in  an 
infectious  disease,  changes  arc  produced  in  the  saccb.i- 
rine  liquid,  evidenced  by  the  formation  of  alcohol  and 
carbonic  acid,  which  eventually  render  it  incapable  of 
being  further  acted  upon  by  that  particular  ferment. 
So  in  infectious  disease,  there  is  a  period  of  incubation 
which  may  be  supposed  to  arise  from  the  delay  neces- 
sary to  allow  of  tlie  contagious  particles  overcoming  the 
influences  exerted  against  them  by  the  antagonistic  cells 
of  the  body,  thus  enabling  the  growtli  and  multiplica- 
tion of  the  contagious  particles  to  take  place;  during 
the  course  of  the  fever  Ihe  pabulum  suitable  for  the 
nutriment  of  the  contagion  is  exhausted,  or  else  (and 
this  is  the  more  probable  explanation)  the  products  of 
tiie  activity  of  the  contagious  particles  upon  the  cells  of 
the  body  become  in  time  directly  poisonous  to  the  con- 
tagia  themselves,  the  fever  terminates,  and  the  body 
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is    rendered    unassailable    by   a   similar    infection    for 
months  or  years,  or  in  some  cases  until  the  end  of  life. 

It  is  evident  thst  the  contagion,  once  introduced  into 
the  animal  body,  generally  grows  and  multiplies  enor- 
mously ;  but  the  organisms  of  diphtheria  and  tetanus 
multiply  only  locally  to  a  limited  extent,  producing  the 
symptoms  by  the  soluble  toxins  which  they  elaborate. 
The  least  atom  of  infectious  material  serves  to  inoculate 
small-pox  in  a  susceptible  person,  but  the  contagious 
matter  produced  in  the  course  of  the  disease  would  be 
sufficient  to  inoculate  many  thousands.  In  each  special 
disease  the  contagion  multiplies  chiefly  in  those  tissues 
— the  mucous  and  epithelial — which  arc  more  especially 
affected  by  it,  and  the  infection  is  cast  ofT  from  the  body 
in  large  part  with  the  secretions  of  these  tissues.  Freed 
from  the  body,  the  infection  may  be  conveyed  from  the 
diseased  to  the  healthy,  or  it  may  lie  dormant  in  the 
clothes  or  furniture  of  the  sick  room  for  long  periods, 
but  retaining  its  contagious  properties. 

This  property,  possessed  by  some  of  the  contagia,  of 
retaining  unimpaired  their  fKDwers  of  infection  for  long 
periotls  after  leaving  the  Ixxly,  points  strongly  in  favour 
of  their  bacterial  nature.  It  is  known  that  many  bac- 
teria are  propagated  by  sporulation,  and  that  the  spores, 
the  immature  forms  of  the  adult  species,  can  resist 
extremes  of  temperature  and  drying  which  are  destruc- 
tive to  the  fully  developed  organism.  That  liquids, 
gases,  or  non-living  material  whatever  could  retain 
infe<:tive  properties  for  long  periods  after  expulsion  from 
the  body,  when  subjected  to  the  disintegrating  forces  of 
the  atmosphere,  is  at  least  highly  improbable. 

In  some  diseases,  the  contagion  does  not  appear  to  be 
capable  of  retaining  an  independent  existence  outside 
the  animal  l)n<ly.  In  these  cases  the  infection  is 
conveyed  by  direct  contact. 
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It  is  not  desirable  to  retain  the  term  "contagious," 
as  distinct  from  "infectious,"  in  regard  to  the  communi- 
cable diseases.  Fur  if,  as  is  generally  understood,  the 
term  "contagious"  is  Hmited  to  those  diseases  wliich 
are  only  transferable  by  direct  inoculation,  and  "infec- 
tious" to  those  that  have  air-  or  water-borne  contagia, 
an  element  of  confusion  is  introduced;  for  most  of  the 
infectious  diseases  are  inoculable,  whilst  the  diseases 
which  are  generally  spread  by  inoculation  may  at 
times  he  propagated  through  air  or  water.  The  term 
"  zymotic  "  is  usually  limited  to  those  communicable  or 
infectious  diseases  which  occur  in  epidemics  ;  but  now- 
a-days  it  is  customary  to  restrict  the  term  "zymolysis" 
to  the  action  of  the  chemical  or  unorganized  ferments 
known  as  enzymes.  Therefore,  zymotic  would  not 
necessarily  imply  that  the  disease  is  dependent  upon 
a  living  organized  body  of  the  nature  of  a  ferment. 
Living  or  organized  ferments  give  rise  to  fcrnuHlation ; 
cliemical  or  unorganized  ferments  (enzymes)  give  rise  to 
zymolyiis. 

A  distinction  may  be  made  between  "  infection  "  and 
"  intoxication  ";  by  the  former  is  implied  an  invasion  of 
the  body  by  a  living  germ,  and  by  the  latter  the  poison- 
ing of  the  body  by  chemical  agents,  usually  the  products 
of  the  activity  of  the  living  germ.  Anthrax  affords  a 
typical  example  of  infection,  in  which  the  bacillus 
invades  the  whole  body ;  and  tetanus  affords  an 
example  of  "intoxication,"  for  in  this  disease  the 
bacillus  is  localized  to  the  seat  of  injury,  and  the 
toxic  products  are  absorbed  from  this  spot. 

Tlic  use  of  the  word  "spccihc"  as  applied  to  these 
diseases  presupposes  a  specific  origin  for  each — an  origin, 
that  is  to  say,  from  a  pre-existing  case  of  the  disease 
by  means  of  a  specific  virus  or  organized  living  germ. 
The  specific  origin  of  a  majority  of  the  communicable 
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diseases  can  hardly  be  doubted.  The  eruptive  fevers 
are  specific,  they  breed  true  ;  i.e.,  a  case  of  measles,  for 
instance,  cannot  give  rise  to  mumps  or  whooping  cough, 
but  only  to  measles,  and  the  infection  cannot  arise  de 
novo,  but  must  be  sought  for  in  a  pre  existing  case.  The 
true  specificity  of  some  diseases  is  not  yet  thoroughly 
established,  such  as  hospital  fevers,  diarrhoea,  and 
dysentery. 

Hospital  fevers,  however,  certainly  are  due  to  micro- 
organisms either  in  the  air  of  the  wards,  or  on  the 
patient's  skin  or  wound.  Dysentery,  too,  is  probably 
always  due  to  an  organism  such  as  the  Amieba  coli,  or 
a  bacillus,  of  which  several  have  recently  been  isolated 
and  are  said  to  produce  dysentery  (Krnse,  F"lexner,  &c.). 

Diarrhoea  may  be  due  to  cold ;  but  in  all  probability 
a  chill  only  lowers  the  resisting  power  of  the  lymphoid 
tissue  in  the  intestinal  walls,  thus  enabling  the  micro- 
organisms present  to  multiply  abnormally. 

The  eruptive  fevers  are  remarkable  chieHy  for  occur- 
ring in  epidemics,  often  at  regularly  recurring  periods. 
The  contagion  being  disseminated  through  the  air,  it  is 
easy  to  understand  how  these  diseases,  once  introduced 
into  a  community,  spread  with  amazing  rapidity,  until 
the  diminution  of  susceptible  persons  causes  the  epi- 
demic to  languish  and  finally  die  out. 

Tticre  are  other  diseases  which  at  times  take  on 
epidemic  extension  and  virulence,  but  arc  mostly 
endemic ;  that  is  to  say,  they  are  habitually  present 
io  certain  localities  where  conditions  of  excremental 
pollution  of  water,  atf,  or  soil  favour  the  passage  of  the 
specific  virus  from  one  individual  to  another,  with  the 
constant  occurrence  of  isolated  or  sporadic  cases,  which 
at  certain  seasons,  when  external  conditions  are  favour- 
able, give  rise  to  the  sudden  and  widespread  dissemina- 
tion termed  an  epidemic.     The  introduction  of  public 


water  supplies  into  towns  has,  no  doubt,  tended  to  cause 
certain  epidemics  of  enteric  fever  and  cholera  to  reach 
further  and  spread  wider  than  formerly ;  for  if  a  public 
water  supply  is  specifically  polluted  at  its  source,  the 
contagion  is  carried  to  a  far  larger  number  of  households 
than  could  possibly  be  the  case  where  each  house  has  its 
own  well  or  spring. 

The  tubercular  virus,  under  certain  favouring  con- 
ditions, retains  its  infective  properties  after  discharge 
from  the  animal  body,  and  can  then  be  transferred  to 
healthy  persons.  The  question  of  susceptibility,  heredi- 
tary or  acquired,  to  the  tubercular  virus  is  of  the  greatest 
interest,  and  is  deserving  of  most  careful  investigation. 
It  is  evident  that  tubercle  bacilli  must  be  very  widely 
scattered  in  the  air  of  houses  and  towns,  and  yet  the 
number  of  persons  who  contract  tubercle  is,  relatively, 
infinitely  small  compared  to  the  numbers  that  must 
from  time  to  time  be  exposed  to  the  contagion.  Unlike 
the  eruptive  fevers,  tubercular  diseases  run  no  definite 
course ;  and  although  it  is  now  certain  that  recovery 
from  tubercular  lesions  of  the  lungs,  and  perhaps  of 
other  organs,  is  by  no  means  infrequent,  yet  there  is  no 
apparent  immunity  conferred  from  subsequent  attack. 

The  subject  of  bodily  susceptibility  to  the  action  of 
the  various  contagia  requires  a  passing  notice.  It  is 
evident  that  in  infancy  and  childhood  the  bodily  sus- 
ceptibility to  various  contagia  is  very  great,  and  this 
susceptibility  diminishes  with  advancing  age.  The  pro- 
tective influence  of  a  previous  attack  in  some  diseases, 
the  modifying  influences  of  the  state  of  health  of  the 
individual,  of  hereditary  predisposition,  and  of  indivi- 
dual or  family  idiosyncrasy,  are  well  known  to  produce 
different  conditions  of  bodily  susceptibility ;  and  there 
are  other  causes  at  work,  less  well  known,  but  possibly 
equally  potent.     A  plausible  hypothesis  as  to  the  caasie& 
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of  these  varying  susceptibilities  is  the  supposition  that 
under  these  different  conditions  the  vital  actions  of  the 
body  are  not  always  equally  potent  to  resist  the  invasion 
of  the  contagia.  There  is  the  battle  of  the  cells  of  tlie 
body  and  the  bacteria,  in  which  victory  lies  to  the 
strongest,  the  weakness  of  the  cell  forces  in  certain 
cases  constituting  the  special  susceptibility  to  the  action 
of  the  virus. 

The  microbial  origin  of  some  of  the  communicable 
diseases  may  be  considered  to  be  established  beyond 
doubt,  and  this  fact  is  a  strong  argument  in  favour  of 
the  remainder — in  which  no  such  connection  lias  as 
yet  been  positively  traced — being  causally  dependent 
upon  specific  micro-organisms.  Koch  has  laid  down 
certain  conditions,  upon  the  proof  of  which  alone  can  it 
be  definitely  stated  that  a  particular  micro-organism  is 
the  cause  of  a  certain  disease.     They  are  as  follows  : — 

I.  The  microorganism  must  be  found  in  the  blood, 
lymph,  or  diseased  tissues  of  man  or  animal,  suffering 
from  or  dead  of  the  disease. 

3.  The  micro-organisms  must  be  isolated  from  the 
blood,  lymph,  or  tissues,  and  cultivated  in  suitable 
raedia  outside  the  animal  body.  These  pure  cultiva- 
tions must  be  carried  on  through  successive  generations 
of  the  organism. 

3.  A  pure  cultivation  thus  obtained  must,  when  intro- 
duced into  the  body  of  a  healthy  susceptible  animal, 
pro<lucc  the  disease  in  question. 

4.  In  the  inoculated  animal  the  same  micro-organism 
must  again  be  found  (E.  Crookshank,"  Bacteriology  "). 

It  is  evident  that,  postulate  No.  3  being  inapplicable 
to  human  licings,  the  complete  sequence  of  pnxjf  can- 
not be  arrived  at  in  the  case  of  exclusively  human 
diseases.  13ut  in  the  case  of  the  diseases  afTccting  both 
wen  anil  the  lower  animals,  inasmuch  as  the  animals 
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c.in  be  submitted  to  processes  of  inoculation,  tlie  entire 
chain  of  proof  can  be  substantiated.  The  Hst  of  dis- 
eases of  the  lower  animals  which  are  dependent  upon 
specific  microbes  for  their  origin  and  propagation  is 
now  very  extensive,  including  fowl  cholera,  malignant 
oedema,  pyaemia,  septicjrinia,  and  various  suppurative 
diseases  in  rabbits,  guinea  pigs,  mice,  &c.,  swine  fever, 
cattle  plague,  foot-and-mouth  disease,  symptomatic 
anthrax,  and  many  others. 

The  diseases  of  animals  common  to  man,  in  which 
a  specific  bacterium  has  been  isolated,  are  anthrax 
(malignant  pustule  in  man),  tubercle,  glanders,  actino- 
mycosis, erysipelas,  tetanus,  plague,  foot-and-mouth 
disease,  diphtheria,  and  malignant  tedema. 

Aiil/irax,  MiiUgihint  Pustule,  or  Wool-sorter's  Disease. — 
The  bacilli  are  found  in  enormous  numbers  in  the 
blood  of  animals  dead  of  anthrax.  When  exposed  to 
the  air  ihey  form  spores,  which  are  much  more  resistant 
to  extremes  of  heat  and  cold,  to  drying,  and  to  chemical 
reagents  than  the  fully  developed  bacilli. 

'I  iilxnk. — The  Bacillus  tuberculosis  is  found  in  all 
tubercular  deposits,  and  is  seen  with  a  high  power  of 
the  microscope  to  consist  of  small,  usually  straight  rods, 
but  they  may  frequently  be  slightly  curved.  The 
bacilli  are  found  in  the  sputa  of  phthisical  patients; 
and  in  man  the  disease  is  set  in  action  by  the  bacilli 
introduced,  according  to  the  usual  method,  through  the 
mucous  nieinbranc  of  tlic  air  passages  or  intestinal 
canal,  through  the  tonsils  and  genital  tract,  or  occa- 
sionally by  direct  inoculation  into  a  wound  or  abrasion 
of  the  skin. 

In  the  lower  animals  (monkeys,  cattle,  fowls,  guinea 
pigs,  rabbits,  &c.)  artificial  tuberculosis  can  be  readily 
pruduced  by  inhalation  of  a  spray  containing  tubercle 
bacilli,  by  feeding  experiments  with  tuberculized  food. 
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and  liy  direct  inoculation,  the  channels  of  infection 
being  the  same  as  those  of  man. 

Glanders. — The  bacillus  of  glanders  (Bacillus  mallei) 
consists  of  rods  about  the  size  of  tubercle  bacilli.  The 
inoculations  of  pure  cultivations,  or  of  infectious 
material,  e.g.,  pus  from  another  horse,  into  horses 
produces  the  characteristic  disease,  the  bacilli  being 
found  after  death  in  the  affected  organs  and  diseased 
tissues. 

In  erysipelas,  a  streptococcus  has  l)een  found  occupy- 
ing the  lymphatics  of  the  skin  at  the  circumference  of 
the  erysipelatous  blush.  A  pure  cultivation  of  the 
streptococci  produces  erysipelatous  inflammation  when 
inoculated  into  animals  and  into  men  (as  lias  been  done 
for  the  relief  of  lupoid  and  cancerous  affections) ;  but 
sometimes  suppuration  is  the  result  of  the  injection, 
and  it  is  now  believed  that  the  streptococcus  of  ery- 
sipelas and  the  Streptococcus  pyogenes  are  identical; 
the  different  effects  produced  being  dependent  upon : — 

1.  Mode  of  entry  and  site. 

2.  Itcsisting  power  of  the  tissues  at  the  time. 

3.  The  virulence  of  the  streptococcus,  which  varies 
much  and  easily. 

The  specific  organism  in  tetanus  is  a  bacillus  which 
probably  exists  widely  distributed  in  dust,  dirt,  and  in 
soil.  The  bacillus  gains  an  entrance  into  the  body 
through  scratches  and  wounds  inflicted  by  substances 
contaminated  with  dirt  containing  the  organism  or  its 
spores.  Cases  of  so-called  idiopathic  tetanus  are  pro- 
bably due  to  similar  inoculations  through  scratches  or 
wounds  that  have  passed  unnoticed,  such  as  the  bite 
of  an  insect,  especially  in  the  tropics. 

Briegcr,  Fracnkcl,  and  others,  have  isolated  from 
tetanus  cultivations  two  toxic  substances,  tctanin  and 
a  tox-albumin,  both  of  which  produce  tetanic  symptoms 
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when  injected  into  animals,  the  tox-albumin  being  far 
more  deadly  than  the  tetanin.  The  exact  nature  of  the 
tetanus  toxin  is  still  doubtful,  but  there  is  strong  evi- 
dence in  favour  of  a  ferment  (diastase)  being  concerned 
in  its  production. 

Klebs,  Loefller,  Roux,  and  Yersin  have  isolated  a 
bacillus  from  the  surface  of  the  mucous  membrane  in 
cases  of  diphtheria.  From  cultivations  of  this  bacillus 
a  soluble  poison  has  been  obtained,  wliich  causes  the 
symptoms  of  diphtheria  in  varying  degrees  of  intensity 
according  to  the  dose.  This  poison  in  not  an  alkaloid — 
a  ptomaine — but  appears  to  be  allied  to  the  ferments, 
as  it  is  precipitated  by  alcohol,  and  therefore  cannot  be 
of  alkaloid.ll  nature.  This  ferment  or  enzyme,  which 
is  present  in  the  false  membrane,  has  proteolytic  pro- 
perties ;  and  by  digesting  the  proteid  material  in  the 
membrane  it  produces  albumoses  and  an  organic  acid, 
which  are  absorbed  into  the  system,  and  to  which  the 
toxic  symptoms  and  complications  of  diphtheria  are 
due  (S.  Martin). 

The  bacillus  of  lyphoid  fever  (known  as  the  Eberth- 
GafTky  bacillus)  is  constantly  present  in  the  alimentary 
canal,  in  the  mesenteric  glands,  and  in  the  spleen  of 
fatal  cases  of  this  disease.  An  attempt  has  been  made 
to  prove  the  identity  of  this  bacillus  with  the  Bacillus 
colt  comniMiis,  which  is  a  constant  and  normal  inhabitant 
of  the  large  intestine  and  lower  portion  of  the  small 
intestines  of  man  and  mammalian  animals  under  per- 
fectly liuulthy  conditions.  Dr.  Klein,  however,  has 
shown  that  the  two  bacilli  are  morphologically  and 
culturally  distinct.  Placed  in  water,  the  two  bacilli 
coexist  well  together  ;  but  the  Bacillus  coli  is  capable  of 
preserving  its  vitality  in  water  for  a  longer  period  than 
the  typhoid  bacillus.  In  sewage  likewise,  the  Bacillus 
coli   flourishes,    whilst    the    typhoid    bacillus   gradually 
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diminishes  in  numbers  and  ultimately  disappears.  Ti)c 
cultural  characteristics  of  the  two  bacilli  do  not  in  the 
least  alter  during  their  sojourn  in  water  or  sewage  ;  and 
there  is  no  evidence  at  present  in  support  of  the  view 
Uiat  the  Bacillus  colt  can  become  transformed  into  the 
typhoid  bacillus  whilst  sojourning  in  sewage  or  else- 
where, or  can  in  any  way  become  imbued  with  the 
specific  pathogenic  properties  of  the  latter  organism ; 
but  during  an  attack  of  typhoid  fever,  the  Bitcillus  coli, 
normally  present,  may  acquire  virulence,  and  be  the 
cause  of  many  of  the  complications  of  enteric  fever. 

It  is  a  curious  circumstance  that  the  typhoid  bacillus 
when  planted  in  sewage  to  which  potassium  nitrate  has 
been  added  (i  per  cent.)  ret.iins  its  vitality  for  a  con- 
siderable period,  and  undergoes  rapid  and  continuous 
multiplication.  Crude  sewage  is,  as  a  rule,  free  from 
nitrates,  whilst  sewage  which  has  been  filtered  through 
soil  contains  nitrates  as  the  result  of  oxidation ;  this 
may  be  the  reason  why  well  waters  polluted  by  drain  or 
cesspool  leakage  through  the  soil  have  the  capacity, 
apparently,  of  retaining  for  considerable  periods  the  in- 
fective properties  introduced  by  the  specific  pollution. 

There  are  some  other  diseases  whose  microbial  origin 
is  not  yet  definitely  established,  but  in  which  there  is 
a  very  strong  probability  of  such  a  mo<le  of  occurrence. 
Chief  among  these  is  Uprosy.  In  this  disease,  fine  rod- 
like bacilli,  are  found  in  enormous  numbers  in  the 
leprotic  nodular  lesions,  as  well  as  in  some  of  the  in- 
ternal organs,  such  as  the  liver  or  spleen.  They  spread 
through  the  body  chiefly  by  means  of  the  lymphatics, 
as  they  are  found  in  the  blood  only  occasionally. 

From  vaccine  pustules  in  a  calf  and  from  human 
vaccine  Ijrmph,  Klein  has  isolate<l  a  minute  bacillus, 
which  is  probably  the  specific  organism  of  vaccinia  ; 
fad    Copeman    has    found    similar  bacilli   in    stained 
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sections  of  vaccine  pustules.  Roffer  anJ  oiliers  have 
described  a  protozoon  in  the  epithelial  cells  around 
small-pox  and  vaccine  pustules.  From  acute  abscesses, 
boils,  carbuncles,  the  abscesses  of  pyaemia,  acute  osteo- 
myelitis, and  puerperal  fever,  the  Stafihylococciis  pyogenes 
aureus  and  albiis  and  Sireptococcus  pyogenes  liave  been 
obtained,  which  are  pathogenic  to  certain  animals.  An 
organism  (pncuinococcus,  Traenkcl  and  Weichselbaum) 
has  been  found  in  the  exudations  of  croupous  pneu- 
monia, which  is  pathogenic  to  mice,  inducing  a  very 
acute  septicaemia.  This  pneumococcus  or  diplococcus  is 
also  said  to  be  present  in  the  saliva  of  healthy  people 
and  nf  those  who  have  suffered  from  pneumonia.  Us 
presence  may  explain  the  liability  to  recurrence  of  this 
disease,  in  association  with  chili  or  other  exciting  cause. 
In  ulcerative  endocarditis  a  micrococcus  has  been 
observed  in  the  endocardial  ulcerations,  In  Asiatic 
cholera,  Kocli  discovered  a  comma-shaped  bacillus  in 
the  intestinal  walls  and  evacuations.  In  relapsing  fever, 
a  motile  spirillum  {Spirillum  Ohermeieri)  has  been  found 
in  large  nuiuliers  m  the  blood  during  the  relapses, 
which  organism  is  absent  in  the  non-febrile  periods, 
and  which,  when  inoculated  into  monkeys,  induces  a 
disease  analogous  to  human  relapsing  fever.  Laveran 
attributes  malarial  attacks  to  a  protozoon  called  Plas- 
modium nialariir,  which  has  been  found  in  the  blood  of 
man  during  malarious  illness,  and  also  in  the  blood  of 
some  of  the  lower  animals.  .\  streptococcus  is  believed 
to  be  the  specific  microbe  of  scarlet  fever  (Klein);  and 
various  micro-organisms  have  been  described  as  asso- 
ciated with  other  diseases. 

There  is  still  wanting,  in  the  case  of  some  communi- 
cable diseases,  the  complete  chain  of  experimental  proof 
necessary  to  establish  the  causal  relationship  of  the 
organisms   which   have   been    described   as  associated 
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with  them.  The  expteri mental  inoculation  of  the  lower 
animals  with  the  supposed  viri  of  human  diseases,  to 
which  they  are  not  known  to  be  naturally  liable,  affords 
little  assistance  to  the  completion  of  the  proof,  even  if 
symptoms  are  produced  in  the  animal  of  an  analogous 
nature  to  those  characteristic  of  the  disease  in  man. 
The  constant  association  of  a  certain  organism  with  a 
certain  disease,  in  all  climates  and  races  of  men,  is,  no 
doubt,  practically  a  strong  point  in  favour  of  the  specific 
nature  of  the  microbe,  but  logically  it  does  not  prove 
that  the  microbe  is  an  indispensable  antecedent  (cause), 
or  even  an  antecedent  (one  of  several  causes  in  conjunc- 
tion) of  the  disease,  or,  indeed,  that  it  is  anything  more 
than  a  consequence. 

Recent  research  seems  to  point  to  the  symptoms  of 
infectious  disease  being  caused  not  directly  by  the 
action  of  the  microbes  themselves  upon  the  tissues, 
but  by  the  production  of  soluble  poisons  of  the  nature 
of  alkaloids,  and  in  some  cases  of  proteid-like  bodies, 
such  as  albumoses,  termed  "  toxins."  Observations 
have  already  been  made  in  the  cases  of  anthrax, 
tetanus,  diphtheria,  puer{>eral  fever,  and  rabies,  that 
these  diseases  are — or  may  be — caused  by  the  specific 
microt>es  producing,  as  the  result  of  their  activity,  solu- 
ble poisonous  alkaloids  or  toxins,  which  exert  a  direct 
action  upon  the  tissues  of  the  body ;  antl  if  such  is  the 
case  in  these  diseases,  the  symptoms  of  many  others 
of  an  allied  nature  may  also  lie  due  to  the  chcnucal 
products  of  the  niicrol>es,  and  nut  to  the  direct  action 
of  the  microl>cs  themselves  upon  the  tissues.  There  Is 
a  matter  of  practical  interest  involved  in  this  point;  for 
although  the  niicrol)cs  themselves  may  be  destroyed 
by  bailing  or  other  application  of  heat,  their  chemical 
products  may  be  able  to  resist  these  high  temperatures, 
aa6  retain  their  poisonous  powers  unimpaired.    Still,  as 
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far  as  our  knowledge  at  present  extends,  the  nnicrobes, 
although  only  the  makers  of  the  poisons  which  directly 
affect  the  body,  arc  the  principal  means  of  spreading 
infection. 

On  the  introduction,  then,  of  tlie  microbes  of  specific 
disease  within  the  body  of  an  animal,  we  may  assume 
that  poisonous  products  are  sooner  or  later  produced. 
Whether  the  disease  will  develop,  and  what  form  of 
mildness  or  severity  it  will  assume,  depends,  according 
to  Metschnikoff's  theory,  upon  the  powers  of  the  white 
corpuscles  or  leucocytes  (macrophages)  of  the  body 
fluids  to  grapple  with  the  producers  of  these  to.xic 
products.  Should  the  animal  have  already  undergone 
preventive  inoculations  with  attenuated  virus,  it  appears 
that  the  leucocytes,  having  already  become  accustomed 
to  the  microbic  poisons,  are  able  to  struggle  with  and 
destroy  the  parasites  on  their  entrance,  and  the  disease 
is  not  developed.  This  theory  of  Metschnikoff  is  not, 
however,  universally  credited  ;  and  it  is  by  some  sup- 
posed that  the  "  defensive  "  action,  or  immunity,  is  due 
to  the  presence  of  a  substance  allied  to  the  enzymes  or 
unorganised  ferments,  and  possibly  of  the  nature  of  a 
proteid  or  nucleo-proteid  in  the  body  Huids,  notably  in 
the  blood  serum,  that  has  a  distinct  germicidal  action 
on  pathogenic  bacilli  (Hankin  and  Behring). 

Again,  there  is  the  theory,  supported  by  Pasteur  and 
Klebs,  as  to  the  causation  of  the  immunity  which  is 
ac(|uired  from  a  previous  attack.  They  believe  that  the 
bacteria  use  up  their  special  food  pabulum,  and  as  a 
fresh  supply  is  not  afterwards  produced,  a  second  attack 
becomes  impossible  (exhaustion  theory).  Against  this 
theory  there  is  the  fact  that  the  products  of  living  germs 
are  now  known  to  produce  immunity,  and  these  could 
not  use  up  the  food  material.  By  another  theory  the 
bacteria  are  assumed  to  leave  behind  them  in  the 
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soin;  product  (antitoxin)  which  inhibits  tlie  growth  of 
the  same  species  ;  and  a  fourth  theory  argues  that  the 
cells  and  fluids  of  the  body,  esjjecially  the  serum,  are  so 
modified  during  tlic  attack  as  to  be  able  to  resist  future 
ivasion  of  the  same  species  :  this  last  is  known  as  the 
"  liumoral  "  theory. 

Tlie  decline  of  an  infectious  disease  is  possibly  con- 
nected with  the  accumulation  in  the  l)ody  of  the  toxic 
products  of  the  microbes,  which  tend  in  time  to  destroy 
their  life  and  activity;  for  we  know  that  putrefactive 
bacteria  produce,  by  their  action  upon  albuminous  sub- 
stances, certain  antiseptics,  amongst  which  are  cresol, 
indol,  skatol,  and  compounds  of  phenol,  which  destroy 
tiiese  organisn-s ;  and  the  reasoning  may  be  extended 
by  analogy  to  the  pathogenic  microbes. 

Preventive  inoculations  for  the  production  of  im- 
mimity  may  be  made  in  a  variety  of  ways  ;  (i)  liy  the 
injection  of  antitoxic  or  antimicrobic  serum  derived 
from  an  artificially  immunized  animal,  usually  a  horse. 
The  horse  is  made  actively  immune,  whilst  the  person 
or  animal  inoculated  with  the  serum  enjoys  a  "passive" 
immunity.  This  method  has  been  used  with  varying 
jcccss  in  diphtheria,  tetanus,  streptococcus  infection, 
[>lague,  pneumonia,  typhoid  fever,  cholera,  anthrax,  and 
qu.irter  evil;  (2)  by  injecting  small  doses  of  the  germs 
of  full  virulence;  (3)  by  one  or  more  inoculations  of 
cultures  sterilized  by  heat  (as  used  by  IlalTkine  for 
plague,  and  by  NN'right  for  typhoid)  or  of  cultures  con- 
taining only  the  toxins,  rendered  germ  free  by  filtration 
through  poicelain,  which  is  the  method  usually  em- 
ployed to  immunize  horses  for  the  supply  of  antitoxic 
sera ;  (4)  by  inoculation  with  a  virus  weakened  or 
"attenuated"  in  some  way.  Atlrniiation  may  be  brought 
About  by  (a)  growing  the  cultures  of  the  speciAc  microb:s 
^^n  a  current  of  air,  as  used  by  HafTkinc  for  preparing 


^la 


THE    CONTAGIA. 


493 


anti-cholera  vaccine  ;  (i)  by  passing  the  virus  tlirough 
the  tissues  of  another  animal,  as  for  example,  in  rabies, 
where  tlie  virus  is  passed  through  a  series  of  monkeys 
and  in  the  ordinary  process  of  vaccination  against 
smallpox  (for  vaccinia  is  small-pox  atteniiatrtl  by  its 
passage  through  the  calf) ;  (f)  by  growing  the  cultures 
at  abnormal  temperatures,  as  used  for  attenuating 
anthrax  by  growing  it  at  42  -43°  C.  ;  (li)  by  growing 
the  organisms  in  culture  media  to  which  some  weak 
antiseptic  (such  as  phenol  i  in  600)  has  been  added ;  or 
by  injecting  such  antiseptic  along  with  the  organisms  or 
its  toxins,  when  inoculating  an  animal,  for  example. 
Gram's  iodine  solution  or  some  iodine  trichloride  is 
added  to  culture'fe  of  tetanus  before  inoculating  a  horse, 
otherwise  the  horse  might  succumb  to  the  disease ;  {() 
by  drying  the  virus  as  in  the  Pasteur  inoculation  against 
rabies. 

The  following  is  a  list  of  diseases  in  which  preventive 
inoculations  are  employed: — Anthrax,  bubonic  plague, 
chicken  cholera,  Asiatic  cholera,  diphtheria,  glanders, 
hog  cholera,  hog  erysipelas,  hydrophobia,  pleuro-pneu- 
monia  in  cattle,  pneumonia,  swine  plague,  streptococcus 
infection,  symptomatic  anthrax  or  quarter  evil,  tetanus, 
tuberculosis,  and  typhoid  fever  (Sternberg). 

The  method  of  chemical  vaccination  has  only  recently 
been  studied  ;  but  competent  authorities  believe  that  in 
it  lies  the  future  of  protective  inoculation,  and  that 
further  research  will  enable  definite  chemical  com- 
pounds to  be  produced,  which  under  some  conditions 
may  be  made  to  give  rise  to  the  symptoms  of  disease  in 
tlieir  acutest  forms,  and  under  others  produce  acquired 
immunity,  without  any  disease  manifestation. 

Within  the  last  few  years  it  has  been  shown  by 
Behring,  Kitasato,  Ilankm,  Tizzoni,  and  Catlani,  that 
animals  iriay  be  rendered  immune  to  diphtheria,  tetanus, 
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septic  intections,  and  many  other  diseases,  viz.,  plague, 
pneumonia,  typhoid  fever,  cholera,  anthrax,  and  quarter 
evil,  by  repeated  subcutaneous  injections  of  the  toxins 
produced  when  the  specific  microbes  of  these  diseases 
are  grown  in  suitable  culture  media.  The  toxins  in  the 
culture  liquids  are  made  to  pass  through  a  porcelain 
filter,  before  injection,  in  order  that  all  microl)es  may  be 

■krrested.  When  the  process  of  immunization  is  com- 
plete— several  months  being  usually  required  to  attain 
completion  by  means  of  graduated  injections,  so  that 
the  health  of  the  animal  (usually  a  horse)  may  not 
seriously  suflfer — the  serum  of  the  blood  is  found  to 
possess  antitoxic,  i.e.,  defensive  properties  against  the 

^■toxins  of  the  particular  disease.  The  blood  of  the 
animal  is  accordingly  drawn  off  from  a  large  vein,  and 
the  serum  separated  with  all  proper  aseptic  precautions, 
and  finally  stored  for  use.  Not  only  has  the  serum  the 
power  of  conferring  immunity,  when  injected  into  the 
human  body,  against  subsequent  attack,  but  it  also  has 

»the  power  of  arresting  the  disease  already  commenced, 
if  employed  within  a  short  period  of  onset.  As  is  now 
well  known,  diphtheria  antitoxic  scrum  has  been  widely 
used,  and  has  met  with  great  success,  in  the  treatment 

»of  diphtheria  ;  and  the  treatment  of  tetanus  by  antitoxic 
•eruni  has  been  successfully  inaugurated.  The  treat- 
Inent  of  septicaemia  and  puerperal  fever  by  anlistrepto- 
coccus  serum,  and  of  acute  pneumonia  by  antipncumo- 
coccic  scrum  would  also  probably  come  into  frequent 
^LUsc,  were  not  these  diseases  very  often  the  result  of 
^Finfectiun  by  more  than  one  species  of  micro-organism. 
Animals  have  also  been  immunized  against  ricin  and 
abrin  (two  vegetable  poisons)  and  against  snake  poison. 
In  all  these  cases  antitoxic  sera  have  been  obtained, 
some  of  which  are  of  undoubted  utility,  whilst  others 
sre  stiJi   only   in    the   experimental    stage.      DifTcrcot 
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observers  claim  to  have  prepared  sera  protecting 
against  yellow  fever,  syphilis,  infection  with  the  Staphy- 
lococcus pyogenes  aureus  and  with  Bacillus  coli  com- 
munis, and  against  rabies.  These  statements  require 
confirmation. 

Tuberculin  and  niallein  are  substances  obtained  by 
growing  the  Bacillus  tuberculosis  and  Bacillus  mallei  in 
glycerine  veal  or  beef  broth  for  several  weeks,  and  then 
filtering  oft"  the  organisms.  Tuberculin  is  used  mainly 
for  diagnostic  purposes,  but  recent  experiments  by  Prof. 
MacFadyean  point  to  the  possibility  of  an  immunity 
against  the  Bacillus  tuberculosis  being  produced  by 
repeated  injections  with  tuberculin.  Mallein  is  exten- 
sively used  in  veterinary  practice  for  the  diagnosis  of 
glanders. 

The  serum  diagnosis  of  acute  specific  fevers  is  now 
attracting  attention,  more  especially  in  relation  to  Malta 
fever  and  enteric  fever.  Durham  and  Gruber  have 
shown  that  whenever  the  micro-organisms,  which  are 
causally  associated  with  these  diseases,  are  brought  into 
contact  with  the  diluted  serum  or  plasma  of  an  animal 
or  a  patient  who  is  undergoing,  or  has  undergone,  an 
attack  of  the  disease  in  question,  the  following  succes- 
sion of  phenomena,  or  some  of  them,  manifest  them- 
selves: (i)  The  bacteria  become  agglutinated,  or  clump; 
(2)  the  bacteria  lose  their  motility;  (3)  the  clumps  of 
agglutinated  bacteria  sink  to  the  bottom  of  the  tube,  and 
the  culture  fluid,  which  was  previously  evenly  turbid, 
becomes  clarified ;  (4)  the  bacteria  shrink  up  into  the 
form  of  minute  spherules  ;  (5)  the  bacteria  are  definitely 
devitalized.  This  nruthod  isdiow  being  extended  to  the 
diagnosis  of  other  diseases,  especially  infection  with 
Gaenner's  bacillus,  Bacillus  pyocyaneus,  and  glanders 
in  horses;  also  to  cholera  and  plague. 

The  possibility  of  insects  carrying  pathogenic  organ- 
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^psms  has  been  demonstrated  in  the  case  of  anthrax, 
plague,  and  cholera,  and  less  certainly  in  the  case  of 
typlioid  fever  and  F-lgyptian  oplilhalmia.  Blood  sucking 
insects  may  transmit  disease  directly  from  the  sick  to 
the  healthy,  and  such  a  mode  of  transmission  is  possible 
in  anthrax,  septicajmia,  pyaemia,  and  erysipelas.  The 
matter  is  still  sub  jtidicc,  hut  there  are  good  grounds  for 
the  belief  that  recurrent  fever,  leprosy,  tuberculosis,  and 

I  yellow  fever  may  also  be  thus  communicated. 
It  has  been  demonstrated  almost  beyond  doubt   that 
the  nios(|uito  is  the  means  of  conveying  the  malaiial 
parasite   and   the   hlaria   sanguinis   hominis    from   one 
individual  to  another. 

Fleas   and    flics    are    probably   concerned    with    the 

•spread  of  plague. 
!    Insects,  moreover,  may  transport  the  eggs  of  animal 
parasites    (Tititia    solium,    TricoctplMlus    dispar,    Ascatit 
lumbricoida,  etc.),  and  deposit  them  on  food. 


Communicable  Diseases. 

Small -pox  and  Vcucination. 

The  incubation  period  of  smallpox  is  nearly  always 

twelve  days,  but  may  vary  from  nine  to  fifteen.     When 

the  virus  has  l>een  inoculated,  the  incubation  is  said  to 

^^be  shorter— only  seven  or  eight  days.      The  incubation 

^■tcriod  of  variola  nigra  is  said  to  be  only  six  or  seven 

^HUys.      Small  pox  is  communicable   from   the  earliest 

^^ppcarance  of  the  symptoms,  and  ihc  ordinary  duration 

of   infecliveness  is   from    three   to   four  weeks.      'I'hcrc 

in  be  little  doubt  that  the  contagion  is  most  active,  and 

dc  infectivity  greatest,  during  the  period  of  maturation 

Ind  crusting  of  the  pustules.     The  virus  is  contained  in 

be  mouth  and  throat  secretions  of  the  patient  and  in  the 

.iptions,  and  may  be  conveyed    for  considerable 
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distances  through  the  air  in  the  dried  epithelial  scales 
and  pus  cells  from  the  crusted  pocks. 

The  exceptional  incidence  of  small-pox  in  the  imme- 
diate neighbourhood  of  some  of  the  London  small-pox 
hospitals,  in  which  were  formerly  treated  during  epi- 

N 


Flo.  85.— Fulliam  SinMlpox  Hoiipital.  Special  area  ilivl  Ipil  int  j  lections  of  1,  |, 
I,  and  1  mile  radii,  Hhnwtag  io  different  area.s  the  number  of  iion-ieH  (out  of  every 
IJO)  Invaded  by  smalt-pox,  in  the  period  May  2.5,  188»  to  September  26, 1S86. 

demic  periods  large  numbers  of  cases,  can  admit  of  but 
one  explanation,  viz.,  that  when  a  sufficient  number  of 
cases  in  the  acute  stages  are  collected  together  in  one 
building  on  a  small  area  of  ground,  the  hospital  becomes 
a  centre  of  infection  to  the  surrounding  neighbourhood. 
In  the  diagram  (fig.  85)  taken  from  Mr.  Power's  Repi^ 
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the  Local  Government  Board,  18S5,  the  neighbour- 
tood  around  the  Fuitiatu  Smallpox  Hospital  is  divided 
into  special  areas  by  circles  of  J,  i,  J,  and  i  mile  radii. 
In  these  special  areas  the  figures  show  the  percentage  of 
houses  in  each  area  invaded  by  small-pox  in  the  p>criod 
May  25,  1884  to  September  26,  1887.  The  extreme 
incidence  of  the  disease  in  the  J  mile  circle  surrounding 
the  hospital  is  at  once  apparent,  and  is  attributed  by 
Mr.  Power  to  the  aerial  diffusion  of  the  infection.  The 
exceptional  incidence  in  the  quadrant  lying  south-east 
of  the  hospital  is  noteworthy,  and  may  possibly  be 
attributed  to  the  greater  prevalence  of  north-westerly 
•winds  during  the  period  included.  But  it  should  be 
stated  that  this  central  i  mile  circle,  containing,  as  it 
did,  only  a  few  hundred  houses,  was  somewhat  excep- 
tionally liable  to  be  capriciously  affected, 

Dr.  Barry's  report  on  the  small-pox  epidemic  at 
Sheffield  shows  that  the  small-pox  hospital,  situated  in  a 
thickly  populated  locality  in  the  centre  of  the  town,  was 
also  instrumental  in  disseminating  the  disease  through 
the  "special  area"  surrounding  the  hospital,  as  soon  as 
;i  number  of  acute  cases  were  concentrated  in  it.  But 
when  the  patients  were  removed  to  a  new  hospital 
erected  outside  the  borough,  the  excessive  incidence  of 
the  disease  upon  the  area  surrounding  the  old  hospital 
rlisnpjK-ared.  Whether  small-pox  in  these  cases  was 
transmitted  .-icri:illy  or  by  personal  communication  can- 
not be  decided,  as  the  faulty  administration  of  the  hos- 
pital may  have  allowed  the  transmission  of  smallpox  by 
the  persons  of  the  hospital  officers,  or  of  visitors  to  the 
hospital. 

Dr.  Arnold  Evans  has  shown  the  influence  of  the 
Bradford  Fever  Hospital  in  1893  in  disseminating  small- 
pox in  the  special  area  around  it.  The  per  cent,  incidence 
on  houses  within  the  }  mile  radius  was  10-4 ;  o 
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houses  within  the  J  to  ^  mile  area  6'8:  on  houses  within 
the  i  to  i  mile  area  2'i  ;  and  on  houses  within  the  i  to 
I  mile  area  i  'o.  The  incidence  rate  on  the  whole  borough 
during  the  period  was  o-6  per  cent,  The  quadrant  lying 
north-east  of  the  hospital  in  the  special  i  mile  area 
sulTered  most — 7-06  per  cent,  of  houses  invaded  ;  then 
followed  the  south-east  quadrant,  5'28  per  cent. ;  the 
south-west  quadrant,  2-93  per  cent. ;  and  the  north-west 
quadrant,  2-4  per  cent.  It  is  noted  that  on  250  days  of 
that  year  the  prevailing  winds  were  westerly,  and  only 
on  eighty-three  days  was  the  wind  persistently  from  the 
east. 

After  reviewing  all  the  circumstances,  Dr.  Evans 
formed  the  opinion  that  the  most  likely  manner  to 
account  for  the  extensive  prevalence  of  small-pox  over 
the  special  area  was  that  the  poison  was  conveyed 
aerially  direct  from  the  wards  of  the  hospital. 

As  regards  the  number  of  cases  aggregated  in  a 
hospital  necessary  to  enable  it  to  exert  an  influence  on 
the  surrounding  neigh hourhcx>d.  Dr.  Power's  reports  of 
1884-5  show  that  litis  influence  was  exerted  when  the 
number  of  acute  cases  had  been  restricted  to  twenty ; 
whilst  on  one  occasion  he  found  the  excess  of  small-pox 
in  the  neighbourhood  of  the  Fulham  Hospital  was  quite 
remarkable  at  a  time  when  the  total  admis'sions  to 
hospital  had  not  exceeded  nine,  only  Jive  of  these  being 
cases  in  an  acute  stage. 

On  the  other  hand,  Dr.  Savill  (Warrington  outbreak, 
1892-3)  and  others  have  found  that  there  were  so  many 
elements  at  work  for  the  conveyance  of  infection  by 
direct  means  along  the  lines  of  huniun  intercourse  (more 
especially  in  the  vicinities  of  tliu  hospitals),  that  the 
hypothesis  of  aerial  convection  is  held  to  be  unneces- 
sary. That  a  smallpox  hospital  in  a  poor  and  crowded 
locality  may  be,  and  usually  is,  a  source  of  infection  to 
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the  surrounding'  neif,'l)bourliood  is  not  denied  :  but  the 
incomings  and  outgoings  of  the  statT,  the  calls  of  trades- 
men and  friends  of  the  patients,  and  the  bringing  of  tlie 
patients  to  the  hospitals,  are  all  dangers  which  of  neces- 
sity become  intensified  as  the  centre  is  approached,  and 
may  in  tiiemselves  account  for  this  circumstance. 

One  consideration  which  causes  many  to  doubt  the 
correctness  of  the  aerial  convection  theory  is  the  im- 
munity from  attack  constantly  observed  in  the  large 
numbers  of  presumably  susceptible  individuals  living 
near  small-pox  hospitals.  Dr.  Power's  views,  then,  are 
thought  by  many  to  be  adequately  explained  by  the  pos- 
sibilities of  direct  or  mediate  infection  from  the  hospital. 

The  most  recent  instance  of  apparent  aerial  infection 
is  that  reported  by  Dr.  Thresh  froni  I'urlleet,  Essex. 
This  village  is  on  the  Ksscx  shore  of  the  Thames, 
almost  opposite  the  Metropolitan  Small- Pox  Hospital 
Ships  (which  are  moored  near  the  Kent  shore),  and 
included  within  a  three-quarter  mile  radius  from  the 
ships.  Since  the  commencement  of  the  London  out- 
break in  August.  1901,  Purfleet  has  been  very  excep- 
tionally invaded  by  small-pox;  and  it  is  diflicult  to 
account  for  this  exceptional  invasion,  except  on  the 
hypothesis  of  atrial  tranferencc  of  infection,  as  there  is 
bttlc  or  no  communication  between  the  ships  and  the 
Essex  shore. 

A  Local  Government  Board  circular  on  "  The  Pro- 
vision of  Isolation  Hospital  .\ccommodation  by  Local 
Authorities "'  has,  with  it  view  to  lessening  the  risk  of 
infection  from  smallpox  hospitals,  laid  down  the  rule 
that  a  local  authority  should  not  contemplate  the  erec- 
tion of  a  smallpox  hospital — first,  on  any  site  where  it 
would  have  within  a  (]uartcr  of  a  mile  of  it  as  a  centre 
cither  a  hospital,  whether  for  mfcctious  diseases  or  not, 
or  a  workhouse,  or  any  similar  establishment,  or  a 
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population  of  150  lo  200  persons;  and  secondly,  on  any 
site  where  it  would  have  within  iialf  a  mile  of  it  as  a 
centre  a  population  of  500  to  600  persons,  whether  in 
one  or  more  institutions,  or  in  dwellinij-houses.  Cases 
in  which  there  is  any  considerable  collection  of  inhabi- 
tants just  beyond  the  half-mile  zone  should,  says  the 
circular,  "  always  call  for  especial  consideration." 

Tlie  contagion  clings  persistently  to  infected  clothing, 
bedding,  and  furniture,  and  is  often  communicated  by 
means  of  these  infected  articles 

Before  the  introduction  of  vaccination  small-pox 
epidemics  occurred  once  every  three  years,  and  possibly 
oftener,  and  were  attended  with  a  fatality  and  injurious 
consequences,  such  as  loss  of  eyesight,  which  it  is  difli- 
cult  at  the  present  time  to  realize. 

Like  many  other  specific  infectious  diseases,  small- 
pox has  a  spscial  seasonal  prevalence  (see  fig.  86). 
From  observations  covering  a  long  period  of  years,  it 
has  been  possible  to  describe  a  curve  showing  the 
weekly  mortality  of  this  disease  as  a  percentage  above 
or  below  the  mean  mortality  for  the  year,  i'rom  the 
diagram  it  will  be  seen  that  the  average  London  mor- 
tality is  greatest  during  the  first  six  months  of  the  year, 
rising  to  a  maxinnini  towards  the  end  of  May  and  fall- 
ing through  June,  until  it  descends  below  the  mean  line, 
where  it  fluctuates  during  the  last  six  months,  to  again 
rise  in  December  or  January. 

Smallpox  is  a  disease  of  every  climate  and  every 
race,  and  attacks  all  ages  and  both  sexes  unprotected 
by  a  previous  attack  or  by  vaccination.  In  this  country, 
however,  it  causes  a  somewhat  h  igher  death-rate  amongst 
males  than  amongst  females,  showing  either  a  greater 
susceptibility  to  attack  on  the  part  of  males,  or  a  greater 
chance  of  an  attack  proving  fatal  in  their  case.  Thus, 
the  average  death-rate  for  males  at  all  ages  in  England 
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during  the  years  1854-87  was  0-183  P^''  i.ooo  living; 
whilst  the  denth-rate  for  females  at  all  ages  was  only 
o'i48  per  1,000  living.  It  arises  solely  from  the  con- 
tagion of  a  previous  case,  and  although  its  severity  may 
be  intensified  by  uncleanly  and  overcrowded  houses 
and  insanitary  surroundings,  as  is  the  case  with  all 
infectious  diseases,  it  cannot  be  originated  by  any  such 
conditions.  It  is  probable  that  during  epidemic  periods 
small-pox  is  very  frequently  spread  by  the  number  of 
mild  and  not  easily  recognisable  cases  of  the  modified 
disease  in  vaccinated  persons  that  invariably  occur,  and 
the  failure  to  distinguish  chicken-pox  from  this  type. 
The  virus  from  such  mild  forms  is  capable  of  imparting 
a  very  virulent  form  to  unvaccinated  persons,  and  the 
same  holds  true  of  nearly  ail  infectious  diseases.  The 
mildest  types  often  propagate  contagion  of  the  most 
virulent  description. 

Many  outbreaks  of  small- pox  have  been  traced  to 
tramps — a  class  of  people  who  are  practically  exempt 
from  any  sort  of  sanitary  supervision.  To  obviate  this 
danger,  the  local  authority  should  bo  empowered  to 
require  a  medical  examination  of  all  persons  entering 
common  lodging-houses  and  casual  wards,  and  to 
enforce  tiie  temporary  detention  of  the  inmates  of  any 
common  lodging-house  in  which  a  case  of  small-pox 
has  occurred. 

Previous  to  the  discovery  by  Jenner,  towards  tlic  end 
of  the  XVIII.  century,  of  the  protection  afiorded  by  the 
inoculation  of  cow-pox  lymph  against  the  attacks  oJ 
small-pox,  small-pox  was  a  disease  from  which  few 
escaped.  From  1750  to  1800,  small-pox  caused  nearly 
one-tenth  of  the  total  number  of  deaths  (96  out  of  every 
1,000  deaths  from  all  causes),  and  in  epidemic  years — 
1796,  for  example — this  fatality  was  occasionally  nearly 
doubled.     So  universal  was  the  disease,  and  so  fright- 


ful  its  disfiguring  effects  and   the  ribk  of  loss  of  sight, 

that   the  practice  of  inoculation,  introduced  originally 

from  Constantinople  by  Lady  Mary  Montagu,  became 

^A'cry  general  during  the  latter  half  of  the  eighteenth 

century.     The  fatality  of  the   disease  so  imparted  was 

l^found  to  be  nuirh  less  than  that   of  natural  small-pox, 

"2  or  3  per  cent,  of  the  cases  ending   fatally  instead  of 

20  or  30  per  cent.;  but  the  infection  was  thereby  enor- 

tniously  multiplied  all  over   the  country,  and  the  epi- 
demics became  more  frequent  than  ever. 
%lti.Mt  AnNfAi,  Drath    Ratfs  prom  Small-pox   at  SyccF.ssivE 
LiPt  Pkmioos,  ricR  Million  livino,  at  ealii  such  Lips  I'eitiop, 
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Jcnner  publi!>hed  the  result  of  his  researches  in  179S, 
liid  since  tlint  time  vaccination  has  made  steady  pro- 
jress   throtigh  all   classes  of  the  population,  with  the 

csult  of  gradually  diminishing  the  frequency  of  epi- 
Icinics,  the  seventy  of  the  disease,  its  incidence  on  the 

jpuiation,  and  its  death  rate.  In  1838  gratuitous 
iraccination    w.ns    provided,   and    in    1S54    vaccination 

ccatiic  compulsory  for  all   infants  above  the   age  uf 

lirce  months;  but  it  was  not  until  1871  that  Hoards  of 
^fCiuardians  were  obliged  to  appoint  public  vaccinators 

3r  their  districts.  From  iSj«  to  1853  the  death  rate 
rem  smallpox  in  England  and  Wales  averaged  o'4a 

i;!"  i,o3o  persons  living  ;  from  1834  to  the  present  time 
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the  average  is  not  more  than  02  per  1,000.  At  the 
same  time  the  proportion  of  sinall-pox  deaths  to  deaths 
from  ail  causes  lias  fallen  gradually  from  nearly  100  per 
1,000  (or  JJ  in  the  XVI II.  century,  to  an  average  of 
about  10  per  1,000  (or  T»g)  from  the  year  of  compulsory 
vaccination  to  the  present  time.  The  average  death- 
rate  frotu  small-pox  in  the  XVIII.  century  was  probahly 
not  less  than  3  or  4  per  1,000.  During  the  ten  years 
1881-90  the  average  death  rate  in  England  was  only 
0*05  per  I, COD,  notwithstanding  the  increased  facilities 
for  the  spread  of  the  disease  resulting  from  the  greater 
crowding  on  area  of  the  population  during  recent  years. 

This  great  decline  in  the  mortality  from  smallpox  is, 
however,  entirely  confined,  as  regards  the  last  forty 
years,  to  the  early  periods  of  life  (under  the  age  of 
fifteen).  Under  the  age  of  five  years  the  death  rate 
from  small-pox  has  even  been  reduced  80  per  cent,  in 
the  last  thirty  years.  •■  But  the  death  rate  has  increased 
at  all  ages  subsequent  to  fifteen  years.  The  explana- 
tion is  obvious.  Compulsory  vaccination  in  infancy 
has  saved  the  lives  of  an  enormous  numlu-r  of  children, 
who  formerly  died  of  smallpox,  and  has  served  to 
reduce  the  death  rate  from  small-pox  at  all  ages.  After 
the  age  of  fifteen  the  protective  influence  of  the  primary 
vaccination  has  to  a  large  extent  disappeared ;  and 
unprotected  adults  form  a  larger  proportion  of  the  popu- 
lation than  in  the  earlier  periods,  when  an  attack  of 
smallpox  in  childhood  was  far  more  conmion,  and,  as  a 
rule,  gave  immunity  from  the  disease  for  the  rest  of  life. 

It  was  at  first  thought  that  one  vaccination  afTorded 
protection   to  the  individual  against  small- pox   for  the 


*  The  large  mortality  from  small-pox  amongst  infants  under  one 
jear  of  a.;e  is  largely  du2  to  deaths  of  infants  from  tins  disease  when 
less  than  thrc:  manihs  ol  f,  i.<-.,  btifure  vaccination  has  been  per- 
formed. 
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rest  of  life.  This  is  now  known  not  to  be  the  case — 
with  regard  to  infantile  vaccination,  at  least.  In  the 
first  place,  the  efficacy  of  vaccination  depends  largely 
upon  the  efficiency  of  the  operation  and  the  number  and 
character  of  the  resulting  scars.  Secondly,  the  pro- 
tective influence  wears  away  with  the  lapse  of  time, 
and  revaccination  at  or  before  the  age  of  puberty  is  a 
measure  the  utility  of  which  cannot  be  doubted.  Calf 
lymph,  and  that  from  a  vaccine  vesicle  of  the  eighth 
day  from  a  healthy  infant,  if  used  perfectly  fresh,  are 
probably  capable  of  giving  equally  good  results. 

The  protective  effects  of  vaccination  have  been 
studied  chiefly  in  relation  to  the  fatality  and  severity  of 
the  disease  in  the  vaccinated  and  unvaccinatcd.  But 
this,  it  must  be  remembered,  is  only  one  side  of  the 
question,  and  the  relative  incidence  of  the  disease  on 
these  two  classes  is  deserving  of  study.  The  exact 
proportion  of  unvaccinated  to  vaccinated  in  the  com- 
munity is  not  definitely  known,  but  taking  it  at  its 
highest  figure,  the  unvaccinated  probably  do  not  form 
more  than  lo  per  cent,  of  the  total  p>opulation.  On  the 
other  hand,  the  unvaccinated  certainly  form  not  less 
than    30   per   cent,  of  the  cases   treated    in    small-pox 

I  hospitals,  and  the  proportion  of  severe  and  hxmor- 
rhagic  cases  is  far  larger  amongst  the  unvaccinated 
than  the  vaccinated. 

The  fatality  of  the  disease  in  the  two  classes  is  illus- 
trated in  the  diagram,  founded  on  figures  supplied  by 
Dr.  Collie,  (or  the  two  epidemic  years  of  1871  and  1881, 

rof  cases  treated  in  London  small-pox  hospitals  (fig.  87), 
Under  hftfcn  years  of  age  and  over  fifteen  years  the 
mortality  |>er  cent,  of  cases  in  the  unvaccinated  is  nearly 
identical,  viz.,  37  or  3H  |)er  cent.  ;  whilst  under  fifteen 
the  influence  of  the  number  and  character  of  the  scars 
in  the  vaccinated  is  seen  to  be  of  not  nearly  so  much 
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importance  as  over  fifteen.  The  evanescence  of  the 
protective  influence  of  primary  vaccination  after  the 
age  of  fifteen  is  thus  well  exhibited  :  for  whereas  one  or 
more  bad  marks  reduce  the  mortality  to  4  per  cent, 
under  fifteen,  over  fifteen  the  mortality  of  cases  with 
one  or  more  bad  marks  is  10  per  cent.  Taking  nearly 
7,000  cases  observed  in  recent  years,  the  Royal  Com- 
mission on  Small-pox  and  Vaccination   found  that  the 
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Fill.  87.— Hmall-pox  Kpiilc-iuic!!,  1871,  l.vtl :  Murlnlity  ppr  rpnl.  in  Fevir 
BcnpiUiU  (l.ontloii). 
— 15    +  IS 

(.ISC)  (17<)  A  -  iinvjuvinuti'il. 

{^iX)  iihH)  H  =  niH>  i«r  in«ir^  liiiil  lii.-irk. 

(7(1)  (1411  ('  ^  <iiu- i;.»>,l  murk. 

(it)  (Kil)  I)  =  lw<i  ^iHiil  liinrks. 

(70)  (lUfl)  K  ^  thri*u  kikkI  iiiiirks. 

sraall-pox  fatality  rate  in  persons  with  one  mark  was 
6-2  per  cent.;  with  two  marks,  5-8  per  cent. ;  with  three 
marks,  yj  per  cent,;  and  witli  four  marks,  2-2  per  cent. 
Revaccination  at  puberty,  if  properly  performed,  con- 
fers almost  absolute  imnuinity  from  small-pox  for  the 
remainder  of  life  ;  and  if  by  any  chance  a  revaccinated 
person  should  acquire  small-pox,  the  disease  assumes 
its  mildest  type.  In  Prussia  since  the  year  1874,  when 
vaccination   and  revaccination  became  compulsory,  the 


death  rate  from  small  pux  has  been  reduced  to  one-tenth 
of  its  former  rate,  viz,,  from  024  per  1,000  to  002  per 
1,000;  and  it  is  stated  that  in  the  Prussian  Army  there 
Ijas  not  been  a  sinjjle  death  from  small-pox  from  1874  to 
the  present  time. 
■  In  (icrmany,  with  a  population  of  over  50,000,000, 
surrounded  on  three  sides  by  badly  vaccinateil  coun- 
tries, small-pox  has  been  almost  stamped  out,  and 
during  the  ten  years  1885-95,  79  per  cent,  of  the  few 
cases  which  occurred  \%'erc  resident  on  the  frontiers; 
whereas  in  Austria  and  Belgium,  where  vaccination  is 
not  compulsory,  the  death  rates  from  small-pox  are 
more  than  twenty- fold  as  great.  The  great  immunity 
which  Germany  enjoys  is  due  to  the  fact  that  in   that 

(country  vaccination  and  revaccination  are  compulsory. 
The  compulsory  vaccination  age  is  the  second  year  of 
life,  and  it  is  significant  to  note  that  in  1886-90  more 
than  two-fifths  of  the  few  deaths  that  occurred  from 
small-pox  were  under  two  years  of  age.  Revaccination 
is  performed  in  (ierniany  at  the  end  of  the  period  of 
compulsory   school    attendance,    and    every   recruit    is 

Prcvaccinatcd  on  joining  tlie  army. 
Dr.  Barry  found  in  the  Sheffield  epidemic  of  1887-8 
that   unvaccinatcd  chililrcn  under    10  years  are  twenty 

»tiuics  more  liable  to  attack  than  the  vaccinated,  and 
unvaccinated  persons  over  ten  are  five  times  more 
liable;    and   in    unvaccinatcd    children    under   ten    the 

t attack  is  twenty-two  times  more  likely  to  be  fatal  than 
pimong  the  vaccinated,  while  in  unvaccinated  persons 
over   ten  the  risk  of  an  attack  proving  fatal  is  eleven 
times  as  great.    Therefore,  during  small  pox  prevalence, 
an  unvaccinated  child   under  ten  is  440  times  more 
^Lbablc   to   die   than    a  vaccinated   one,  and  an   unvac- 
^ncinatcd  person  over  ten  is  lifty-fivc  times  more  likely 
to  die  than  a  vaccinated  one.     Moreover,  17-a  per  cent. 
of  ilie  atl.icks    ucrc  severe   among    those    vaccinated, 
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while  among  the  unvaccinatcd  8i  per  cent,  were  severe; 
and  in  children  under  ten  years  g  per  cent,  of  the 
attacks  were  severe  among  those  vaccinated,  and  78  per 
cent,  among  tliosc  unvaccinatcd. 

In  liouses  invaded  by  smallpox,  in  the  course  of  an 
outbreak,  not  nearly  so  many  of  tlie  vaccinated  inmates 
are  attacked  as  of  the  unvaccinatcd,  in  proportion  to 
their  numbers.  Taking  children  under  ten  in  invaded 
houses,  in  Dewsbury,  102  per  cent,  of  the  vaccinated 
were  attacked,  and  50  8  per  cent,  of  the  unvaccinated  ; 
in  Leicester,  2'5  per  cent,  of  the  vaccinated,  and  35  per 
cent,  of  the  unvaccinated  ;  and  in  Gloucester,  S-8  per 
cent,  of  the  vaccinated,  and  463  per  cent,  of  the  un- 
vaccinated. 

It  IS  the  custom  for  antivaccinators  to  attribute  the 
reduction  in  sni.illpox  incidence  to  improved  sanita- 
tion; but  improved  sanitation  will  not  account  for — 
(i)  the  fact  that  small-pox  mortality  has  been  trans- 
ferred from  childhood  to  the  later  periods  of  life  since 
vaccination  has  been  introduced.  Whereas  in  Germany, 
where  vaccination  is  not  compulsory  till  the  second  year 
of  age,  over  40  per  cent,  of  all  the  small-pox  moitalily 
occurs  under  two  years  of  age.  (2)  The  immunity 
enjoyed  by  revaccinatcd  postmen  and  nurses.  The 
revaccinated  nurses  at  the  Leicester  Small-pox  Hospital 
escaped,  while  those  who  refused  revaccination  were 
attacked.  (3)  That  the  disease  passes  by  the  vaccinated 
children,  but  attacks  the  unvaccinated  living  in  the  same 
house,  as  in  Dewsbury,  Leicester,  and  Gloucester.  ^4) 
The  lessened  fatality  among  the  vaccinated  if  attacked. 
(5)  That  those  with  three  or  four  vaccination  marks  are 
less  liable  to  a  fatal  attack  than  those  with  one  or  two. 
(fi)  The  great  immunity  which  Germany  enjoys  even  as 
compared  with  Great  Britain.  Finally,  the  disease  has 
never  been  shown  to  be  caused,  directly  or  indirectly 
by  any  insanitary  condition. 
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The    isolation   of  small-pox   cases   in   hospitals  is  a 

■  useful  auxiliary  to  vaccination,  but  it  is  not  a  sufficient 
substitute  for  it,  owing  to  the  inevitable  failure  to  secure 
isolation,  in  all  cases,  with  the  necessary  thoroughness 

•  and  promptness.  Such  failure  results  from  parents  not 
observing  the  early  symptoms  of  the  illness,  the  neglect 
to  call  in  a  doctor,  the  difficitllies  of  diagnosis,  the  delays 
in  removal,  the  probable  inadequacy  of  the  hospital 
accommodation  during  an  epidemic,  and  the  possible 
inefficiency  of  the  disinfection  of  infected  articles. 

The  operation  of  vaccination,  if  properly  performed 
with  clear  fresh  lymph,  does  not  impart  any  other  dis- 

Iease  but  vaccinia.  Among  the  maladies  which  have 
been  attributed  to  vaccination  are  :  syphilis,  erysipelas, 
diarrhoea,  tabes  mesenterica  and  scrofula,  bronchitis, 
cancer,  leprosy,  and  many  forms  of  skin  disease. 
V'accino-syphilis  has,  however,  in  the  past  happened 
io  rarely  as  to  have  been  a  clinical  curiosity.  With  the 
general  introduction  of  calf  lymph  it  will  disappear  alto- 
gether, as  calves  are  not  subject  to  syphilis.  Vaccino- 
K syphilis  has  often  been  confounded  with  a  congenital 
Hsyphilis,  latent  until  lighted  up  by  vaccination.  The 
Hacquired  syphilitic  rash,  however,  appears  at  the  earliest 
Hfrom  fifty  to  ninety  days  after  vaccination,  and  in  every 
^«  case  a  chancre  forms  at  the  site  of  vaccination.  The 
syphilitic  chancre  is  limited    to  one  or  two  points  of 

Knoculation,  inflammation  is  slight,  loss  of  substance  is 
upcrficial,  and  the  parchment  induration  is  typical 
Fournicr).  That  the  increase  in  infantile  syphilis  is  not 
due  to  vaccination,  as  asserted  by  the  antivaccinators,  is 
shown  by  the  fact  that  whereas  in  England  and  Wales, 
with  vaccination  generally  enforced,  the  increase  in  the 

P infant  mortality  from  syphilis  between  the  two  periods, 
1863-7  and   1883-7,   was    24*7   per  cent.,  in   Leicester, 
where  vaccination  has  been  neglected,  the  increase  was 
no  /ess  than  6g-j  per  cent. 


^ 


COMMUNICABLE    DISEASES.  5II 

As  to  vaccino-erysipelas,  this  disease  has  doubtless 
frequently  resulted  from  vaccination,  either  directly 
from  the  failure  to  take  due  precautions  as  regards 
cleanliness  at  the  time  of  the  operation,  or,  indirectly, 
from  exposure  to  dirt  and  insanitary  conditions  in  the 
home  of  the  recently  vaccinated  infant.  The  frequency 
of  occurrence  of  vaccino-erysipelas  is,  however,  greatly 
exaggerated  by  the  antivaccinators.  In  the  two  periods 
already  mentioned  the  infant  mortality  from  erysipelas 
in  England  and  Wales  decreased  by  1(17  per  cent,,  whilst 
in  Leicester,  with  neglected  vaccination,  there  was  an 
increase  of  41-5  per  cent,  Similarly,  diarrhoea  and 
bronchitis  have  increased  among  the  unvaccinated 
infants  of  Leicester  more  than  in  England  and  Wales 
as  a  whole,  a  fact  which  proves  the  fallacy  of  attribut- 
ing them  to  vaccination. 

With  regard  to  cancer,  the  Royal  Commission  on 
Vaccination  concluded : — "  There  is  not  a  shadow  of 
evidence  to  connect  the  increase  with  the  practice  of 
vaccination,  whilst  there  is  .  .  .  evidence  pointing  the 
other  way."  The  same  remarks  are  applicable  to  the 
alleged  spread  of  leprosy  by  vaccination.  There  is  no 
evidence,  moreover,  that  tuberculosis  has  ever  been 
inoculated  by  vaccination,  and  attempts  to  thus  inocu- 
late the  skin  of  guinea  pigs  with  lymph  from  tuber- 
culous patients  have  uniformly  failed.  That  the  dis- 
ease may  be  transmitted  through  the  medium  of  animal 
(calf)  lymph  is  a  groundless  fear,  which  has  been 
cnruuraj^i'd  liy  antivaccinators.  Such  a  case  has  never 
yet  been  reported,  although  animal  vaccine  has  been  in 
use  for  many  years,  more  especially  on  the  Continent. 
Moreover,  tuberculosis  in  the  young  calf  is  exceedingly 
rare  ;  and  precautions  will  be  taken  to  ascertain,  either 
by  the  tuberculin  test  or  by  post-mortem  examination, 
or  both,  that  the  calf  that  is  to  be  or  has  been  employed 
is  tuberculosis-free. 
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f  Certain  rashes  have  doubtless  been  produced,  and 
not  infrequently,  by  vaccination.  Even  when  vaccine 
quite  pure  and  free  from  other  virus  is  inoculated, 
eruptions  of  urticaiia,  erythema,  lichen,  purpura,  and 
later,  as  sequela;  of  vaccination,  eczema,  psoriasis, 
pemphigus,  urticaria,  and  congenital  syphilitic  rashes, 
have  been  ob-erved.  When,  however,  the  vaccine  has 
not  been  pure,  impetigo  contagiosa,  syphilis  (very  rare), 
erysipelas,  cellulitis,  pyjemia,  and  local  gangrene,  have 
rerulted  from  the  inoculation  of  the  lymph. 

kit  is  the  intention  of  the  Government  to  limit  vaccina- 
tion and  revaccination  in  the  future,  as  far  as  is  pos- 
sible, to  vaccination  with  glycerinated  calf  lymph. 
The  object  is  to  reduce  the  risks  of  conveying  "  vac- 
cinal "  diseases,  which  were  incidental  to  "  arm-to-arnt  " 
■  vaccination.  The  glycerine  serves  to  preserve  the 
lymph,  without  in  any  way  interfering  with  its  activity, 
and  it  destroys  extraneous  organisms  (even,  in  time, 
the  Bacillus  lubtrntlosis).  Tlie  presence  of  a  little  blood 
in  the  lymph  is  quite  harmless,  and  the  danger  of 
imparting  disease  by  the  use  of  such  lymph  appears 
lo  be  absolutely  avoided. 

The  calves  used  are  carefully  watched,  their  past 
history  is  en<|uired  into,  they  arc  slaughtered  after  use, 
and  a  post-mortem  examination  is  made,  whilst  in  soine 
countries  the  calf  is  tested  with  tuberculin  before  inocu- 
lation with  vaccine  lymph.  These  precautions  are  taken 
I  notwithstanding  the  great  rarity  of  tuberculosis  in 
young  bo\  ines.  The  age  of  the  calf,  its  general  health 
and  nutrition,  and  even  the  season  of  the  year,  affect 
the  quality  of  the  lymph  collected. 
In  I'aris  the  lymph  is  diluted  with  an  equal  bulk  of 
glycerine;  in  Brussels  twice  the  bulk  of  glycciinc  is 
added  ;  in  England  live  to  eight  times  its  bulk  of  40  or 
^o/jfrccfl/.  pure  glycerine  in  distilled  water  is  added; 
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and  in  Berlin  a  solution  of  equal  parts  of  glycerine  and 
boiled  water  is  added  to  the  epithelial  pulp  scraped 
from  the  vaccine  vesicles,  in  the  proportion  of  14  parts 
of  the  solution  to  i  of  the  pulp. 

It  is  probable  that  if  vaccination  is  performed  on  a 
person  who  has  already  contracted  small  pox,  within 
forty-eight  hours  of  the  exposure  to  contagion,  vaccinia 
ensues  and  small-pox  is  avoided.  But  if  performed  at 
a  later  date  small-pox  is  contracted,  modified  if  within 
three  days,  but  unmodified  if  later,  with  vaccinia  pos- 
sibly running  its  own  course  at  the  same  time. 

Considerable  evidence  has  now  been  accumulated  in 
support  of  the  view  that  cow-pox  is  human  variola 
modified  by  its  occurrence  in  the  cow.  Klein  has 
shown  that  when  lymph  from  the  vesicles  of  a  human 
small-pox  case  is  inoculated  into  a  calf,  very  little  local 
result  is  produced,  but  that  if  material  from  the  local 
lesion  is  taken  on  the  fifth  day,  and  inoculated  into 
another  calf,  and  this  process  is  continued  until  four 
calves  have  been  inoculated,  the  material  from  the 
fourth  calf  (four  removes  from  the  small-pox  patient) 
might  with  safety  be  transferred  to  the  human  subject, 
with  the  production  of  typical  vaccinia.  The  lymph 
from  the  vaccine  vesicles,  so  produced  in  the  human 
subject,  caused,  alike  on  inoculation  into  the  bovine  or 
the  human  subject,  typical  vaccinia. 

Whatever  the  original  cause  of  cow-pox  in  the  bovine 
species,  it  seems  certain  that  the  disease  is  now  trans- 
mitted directly  from  animal  to  animal,  and  that  its 
origin  from  human  small-pox  is  an  event  of  very  rare 
occurrence,  if  it  ever  happens. 

Small-pox  may  be  confounded  with  measles  and 
scarlet  fever,  owing  to  scarlatiniform  or  morbilliform 
rashes  occasionally  preceding  the  true  variolous  erup- 
tion ;    and    the    latter   may   be   mistaken    for   chicken- 
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pox,  acne,  impetigo,  eczema,  syphilis,  and  typhus.  A 
failure  to  recognise  the  true  nature  of  the  disease  is 
often  responsible  for  subsequent  spread  in  epidemic 
form. 

The  chief  preventive  measures  to  be  taken  on  the 
occurrence  of  a  case  of  small-pox  are: — (i)  The  removal 
of  the  patient  to  an  isolation  hospital  ;  (2)  the  disinfec- 
tion of  his  room  and  clothing;  (3)  the  revaccination  of 
the  other  inmates  of  the  house  ;  (4)  the  quarantining 
of  tliose  contacts  for  14  days  who  have  had  personal 
communication  with  the  patient  during  his  illness ; 
(5)  the  notification  of  schools  attended  by  children  in 
the  house. 


Scarlet  Fever. 


If 


This  is  a  specific  infectious  disease  like  small-pox,  its 
propagation  lieing  dependent  upon  a  specific  contagium 
derived  from  a  previous  case  of  the  disease,  if  we  except 
its  possible  origin  from  a  certain  diseased  condition  of 
cows,  and  possibly  other  animals.  The  incubation 
period  varies  from  a  few  hours  to  eight  days,  and  is 
usually  from  iwcnty-four  to  seventy-two  hours.  Infection 
is  given  off  in  the  throat  secretions  and  from  the  skin  of 
the  patient  during  the  whole  period  of  illness,  but  the 
acute  stage  of  the  fever,  when  the  sore  throat  and  rash 
arc  most  highly  developed,  is  doubtless  the  most  infec- 
tious, and  not  the  desquamative  st.ige.  as  once  generally 
supposed.  The  cont:igion  clings  with  great  pertinacity 
to  the  riollifs,  brdding.  and  furniture  of  the  sirk  room, 
but  is  not  capable  of  iliHusion  un<l  dissemination  through 
the  air  without  loss  of  virulence,  like  the  smallpox 
COBtagium  appears  to  be.  The  usual  duration  of  infcc- 
iveness  io  scarlet  fever  is  from  six  to  eight  weeks,  last- 
ing throughout  convalescence,  and  possibly  prolonged 
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by  the  occurrence  of  renal  or  otlicr  complications.  In 
large  towns  scarlet  fever  epidemics  tend  to  recur  every 
few  years,  as  a  fresh  series  of  susceptible  children 
becomes  exposed  to  the  contagion. 

Scarlet  fever  is  more  especially  a  disease  of  childhood. 
The  influence  of  age,  sex,  and  season  upon  the  incidence 
and  fatality  of  the  disease  may  he  thus  summarized  : — 

The  mortality  from  scarlet  fever  is  greatest  in  the 
third  year  of  life,  and  after  this  diminishes  with  age,  at 
first  slowly  and  afterwards  rapidly.  This  diminution  is 
due  to — (i)  the  increased  proportion  in  the  population 
at  each  successive  age  period  protected  by  a  previous 
attack ;  (2)  the  diminution  of  liability  to  infection  in 
successive  age  periods  of  those  who  are  as  yet  unpro- 
tected; (3)  the  diminishing  risk  in  successive  age  periods 
of  an  attack,  should  it  occur,  proving  fatal.  The  liability 
of  the  unprotected  to  attack  is  small  in  the  first  year  of 
life,  increases  to  a  maximum  in  the  fourth  or  fifth  year, 
and  then  becomes  rapidly  smaller  and  smaller  with  the 
advance  of  years.  The  chance  that  an  attack  will 
terminate  fatally  is  highest  in  infancy,  and  diminishes 
rapidly  with  years  to  the  end  of  tlie  twenty-fifth  year, 
after  which  a  well  marked  attack  is  again  somewhat 
more  dangerous.  The  female  se.\  throughout  life  is 
more  liable  to  scarlet  fever  than  the  male  sex  ;  but  the 
attacks  in  males,  though  fewer,  are  more  likely  to 
terminate  fatally. 

The  proportion  of  fatal  cases  to  attacks  of  scarlet 
fever  cannot  be  accurately  stated,  owing  to  the  large 
number  of  unrecognised  cases  of  very  mild  type,  often 
without  skin  eruption,  and  with  very  little  desquama- 
tion. If  all  such  cases  of  infectious  sore  throat  without 
eruption,  which  are  by  no  means  uncommon  in  adults, 
or  those  who  have  been  partially  protected  by  a  previous 
attack  could  be  included,  the  case  mortality  (proportion 
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B  of  deaths  to  attacks)  would  probably  not  be  found  greater 
than  two  or  three  per  cent.  These  very  mild  and  unre- 
cognised cases  are,  doubtless,  most  frequent  sources  of 
dissemination  of  infection,  and  the  fact  of  their  being 
true  scarlet  fever  cannot  be  doubted.  The  mortality 
of  well-marked  cases,  such  as  those  admitted  into  the 

B  Metropolitan  fever  hospitals  (1892-9)  is  4-9  per  cent.; 

"  whilst  the  average  mortality  of  notified  cases  in  London 
(average  of  iSgo-9)  is  4-2  per  cent. 

For  the  ten  years  1881-90,  the  death  rate  from  scarlet 
fever  per  1,000  living  at  all  ages  was  033.  Under  five 
years  the  death  rate  was  17  per  1,000;  between  five  and 
ten  years  it  was  076  per  1,000,  decreasing  in  the  next 
quinquennium  to  015  per  1,000.  During  the  ten  years 
1871-80,  the  average  death  rate  in  England  from  scarlet 
fever  was  07  per  1,000  living  at  all  ages. 

The  lower  mortality  from  scarlet  fever  of  recent  years 
is  due,  not  to  a  lesser  prevalence  of  the  disease,  but  to 
a  milder  type.  The  proportion  of  deaths  to  attacks  is 
now  only  about  a  half  of  what  prevailed  twenty  years 

ago. 

Unlike  small-pox  in  unprotected  communities,  scarlet 
fever  is  a  disease  from  which  very  many  people  altogether 
escape.  The  importance  of  saving  young  children  from 
attacks  of  scarlet  fever  has  been  well  expressed  by  Dr. 
Whitclegge : — 

"  In  shielding  a  child  against  infection  during  the  first 
few  years  of  life  there  is  a  double  gain  ;  every  year  of 
of  escape  from  scarlet  fever  renders  him  less  and  less 
susceptible,  until  finally  he  becomes  almost  insusccp* 
tibic;  and.  secondly,  even  if  he  should  ultimately  take 
the  disease,  every  year  that  the  attack  is  deferred 
reduces  the  danger  to  life  which  it  brings.  In  other 
words  attacks  of  scarlet  fever  become  both  less  severe 
and  less  frequent  with  every  year  of  age  after  the  fifth. 
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Up  to  the  fifth  year  the  liability  is  less  (than  in  the  fifth 
year),  but  tJie  risk  of  life  in  case  of  attack  is  very  great." 

The  same  reasoning  applies  with  almost  equal  force 
to  measles,  whooping  cough,  and  the  other  infectious 
complaints  of  childhood. 

Overcrowding  and  insanitary  conditions  in  houses 
tend  to  aggravate  the  severity  of  scarlet  fever  attacks, 
and  to  aid  in  their  dissemination,  but  can  have  no 
influence  per  se  in  originating  an  outbreak. 

Scarlet  fever  is  most  prevalent  and  most  fatal  in  the 
autumn,  in  the  months  of  October  and  November. 
Two  curves  may  be  formed,  one  expressing  the  weekly 
or  monthly  deaths  as  percentages  of  the  average  weekly 
or  monthly  mortality  throughout  the  year  (fig.  86),  the 
other  expressing  the  number  of  weekly  or  monthly  cases 
as  percentages  of  the  weekly  or  monthly  average  of 
cases  throughout  the  year.  These  curves  correspond 
very  closely,  but  Dr.  Whitelegge  has  noted  that  tiie 
mortality  curve  rises  less  and  falls  less  above  and  below 
the  mean  than  the  case  curve,  which  would  imply  that 
when  most  prevalent  scarlet  fever  is  least  fatal,  and  vice 
versa.  There  is,  at  least,  a  strong  probability  in  favour 
of  this  view,  as  the  number  of  mild  cases  is  usually 
greatest  when  scarlet  fever  is  most  prevalent. 

It  sometimes  happens  that  a  patient  discharged  from 
hospital,  apparently  free  from  infection,  is  the  means  of 
communicating  the  disease  to  another  member  of  the 
family  on  his  return  home.  These  "return  cases"  have 
been  explained  in  many  ways.  Doubtless  they  are 
sometimes  examples  of  mere  coincidence;  at  others  they 
may  result  from:  (i)  the  non-disinfection  of  articles  of 
clothing,  books,  or  toys,  which  have  been  used  by  the 
patient  prior  to  removal  to  hospital,  and  produced  again 
on  the  patient's  return  home ;  (2)  carelessness  on  the 
part   of  hospital    officials   in    prematurely   discharging 
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patients  with  bad  throats,  ear  discharges,  &c.,  or  in  not 
sufficiently  bathing  the  patients  and  shampooing  the 
head  prior  to  discharge ;  (3)  the  reappearance  of  des- 
quamation (?),  or  infectious  discharges  after  dismissal 
from  hospital  in  an  apparently  healthy  condition;  (4) 
the  conveyance  of  the  infection  in  the  lungs  of  recently 
discharged  patients  (?). 

The  entire  prevention  of  such  "return  cases,"  even  by 
the  exercise  of  every  possible  care,  seems  impossible  in 
practice;  but  their  number  would  doubtless  be  reduced 
if  parents  would  observe  the  precaution,  which  they 
should  always  be  advised  to  take,  of  keeping  the  child 
apart  from  other  children  for  at  least  one  week  after 
returning  home  from  hospital. 

MeasUs. 

A  specific  infectious  fever,  with  an  incubation  period 

generally  of  nine  to  twelve  days,  but  it  may  be  as  short 

as  four  days  and  as  long  as  fourteen.     The  contagion  is 

given  off  from   the  secretions  of  the  nose,  throat,  and 

lungs,  and  from  the  skin  of  the  patient  during  the  whole 

period  of  illness ;    and   the  catarrhal    stage   preceding 

eruption  is  especially  infectious.     It  is  for  this  reason 

that  epidemics  of  measles   are   so  diflicult  to  control. 

^The  infection  is  not  widely  diffusible  in    the   air  but    ^^t 

f  clings  to  clothes  and  garments.  ^^M 

Measles  is  a  disease  of  infancy  and  early  childhood, 

and  is  very  fatal  to  young  children,  chictly  owing  to  the 

frequency   of   pulmonary   complications    and    sequela;. 

Adults  unprotected  by  a  previous  attack  arc  also  sus- 

Iceptible,  but  the  disease  is  so  universal  in  this  country 
Uiat  few  children  escape  from  it.  The  mortality  from 
measles  is  greatt-st  under  three  years  of  age ;  the 
vighcst  death  rate  is  reached   in   the  second  year  of 
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life;  after  five  years  of  age  the  mortality  is  enormously 
diniinisiicd.  During  the  ten  years  1881-90,  the  death 
rale  from  measles  averaged  about  0-44  per  1,000  living 
at  all  ages;  under  five  years  of  age  the  death  rate  was 
3' I  per  1,000,  and  between  five  and  ten  years  only  0*27 
per  1,000.  In  the  ten  years  1871-80,  the  average  death 
rate  in  England  from  measles  was  0-38  per  1,000  living 
at  all  ages  ;  and  in  the  decennium  1861-70  it  was  0-44. 
Both  sexes  are  equally  liable  to  attack,  and  the  case 
mortality  is  about  the  same  for  both.  In  this  disease 
the  case  mortality,  or  proportion  of  deaths  to  attacks,  is 
greatly  affected  by  overcrowding  and  insanitary  con- 
ditions generally.  In  the  overcrowded  houses  of  the 
poor,  amongst  badly  nurtured  children,  the  proportion 
of  deaths  to  attacks  may  be  as  much  as  20  or  30  per 
cent.,  and  is,  no  doubt,  intensified  by  the  neglect  of  the 
parents  to  provide  suitable  warmth  and  nourishment 
for  the  sufferers  from  a  disease  which  they  think  of  little 
moment.  In  healthy  houses,  well  nourished  children 
almost  invariably  make  a  good  recovery. 

Measles  is  most  prevalent  and  most  fatal  in  the  winter 
months  of  November,  December,  and  January ;  but  it 
also  tends  to  become  somewhat  intensified  in  the  late 
spring  (May  and  June)  (fig.  86). 

Measles  epidemics  tend  to  recur  in  large  towns  about 
every  two  or  three  years,  with  the  fresh  appearance  of 
susceptible  children;  and  since  the  disease  is  pre- 
eminently fatal  in  the  first,  second,  and  third  years 
of  life,  it  follows  that  if  it  can  be  so  far  discouraged  by 
preventive  measures  as  to  acfjuire  epidemicity  only 
every  fourth  year,  a  large  number  of  children  will  have 
passed  the  age  at  which  the  disease  is  most  fatal,  and 
many  lives  will  be  saved. 

Some  people  advocate  the  compulsory  Dotiftcation  of 
measles,  and  the  arguments  that  have  been  adduced  iu 
favour  of  this  measure  are  as  follows ; 
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It  is  claimed  that  compulsory  notification  furnishes 
early  information  of  the  first  cases,  and  that  notification 
is  the  best  means  of  obtaining  this  information.  This 
information  would  enable  the  following  measures  to  be 
carried  out:  (i)  the  visiting  of  parents  and  guardians, 
and  advising  as  to  isolation  and  removal  to  hospital 
(where  such  a  hospital  exists)  ;  (2)  the  control  of  school 
attendances ;  and  (3)  the  prompt  detection  (to  be  fol- 
lowed by  closure)  of  schools  which  are  acting  as  foci  for 
the  dissemination  of  infection. 

It  has  also  been  asserted  that  the  notification  of 
measles,  and  the  measures  resulting  therefrom,  would 
cause  the  public  to  regard  the  disease  with  more 
seriousness,  and  that  it  would  encourage  amongst 
the  poor  a  more  general  medical  attendance  upon  the 
Ktsufferers. 

^     Those  who  do  not  favour  the  compulsory  notification 
of  the  disease  maintain  that,  on  account  of  the  exceed- 
Kingly  infectious  preeruptive  stage  of  measles,  the  notifi- 
^cation  certificate  would  arrive  too  late  to  be  of  much 
value  in  the  adoption  of  the  measures  necessary  to  pro- 
Ktect  others  in  the  infected  household.     In  most  cases 
Vibut    days  elapse  (during  which  the  infection  is  at   its 
highest)  before  the  characteristic  rash  makes  its  appear- 
ance, and  another  day  at  least  would  follow  before  the 
^notification  is  received  and  acted  upon.     Prior  to  the 
ish  the  disease  cannot  be  diagnosed,  and  all  those  who 
ire  s\isccptil>le  have  probably  been  fully  exposed  to  the 
ifcction.      This    is   the  intrinsic   difficulty  which    has 
be  faced  in   measures  dealing  with  this  complaint, 
'urtlicr,  there  is  a  great  tendency  among  the  poor  to 
cgard    the   disease   as   inevitable   and    trivial,  and    in 
3nse(]uence  they  do  not  recognise  the  desirability  of 
^isolation,  nor  do  they  consult  a  medical  man  in  a  large 
percentage  of  cases,  unless  grave  symptoms  superveae. 
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In  country  districts  the  majority  of  the  cases  are  not 
medically  attended.  Obviously,  then,  those  cases  which, 
occurring  in  small  houses  often  crowded  with  other 
children,  are  the  most  potent  for  harm,  would  not  be 
notified  ;  and  the  notification  of  cases  among  the  better 
classes,  who  have  already  called  in  a  medical  man  and 
received  the  benefit  of  his  advice,  would  form  the  bulk 
of  the  notifications  received. 

Efficient  home  isolation  of  infant  sufferers  from 
measles  in  the  dwellings  of  the  poorer  classes  is  gener- 
ally impracticable ;  and  without  the  means  of  offering 
hospital  isolation,  the  compulsory  notification  of  measles 
would  be  premature.  But  even  if  such  hospital  provi- 
sion were  made — and  it  would  have  to  be  on  a  very 
large  scale  to  deal  with  even  a  proportion  of  the  cases 
occurring  in  an  epidemic — there  would  still  be  much 
difficulty  found  in  inducing  the  parents  to  accede  to  the 
removal  from  home  of  children  of  such  tender  years  as 
those  who  form  the  bulk  of  the  sufferers  from  measles. 

Certainly,  if  notification  is  to  prove  of  service,  every 
possible  use  must  be  made  of  the  information  it  pro- 
vides. Every  infected  household  must  be  promptly 
visited  ;  the  source  of  infection  traced  ;  the  existence  of 
unnotified  cases  discovered,  if  possible,  from  the  clues 
afforded  by  the  notified  cases  ;  schools,  libraries,  &c., 
must  be  communicated  with  ;  premises  must  be  disin- 
fected ;  and  suitable  isolation  at  home  insisted  upon 
(where  possible).  Now,  all  this  wouW  entail  a  large 
staff,  which  could  scarcely  be  appointed  temporarily 
with  advantage ;  and  if,  therefore,  notification  proved 
a  failure,  it  would  be  a  very  costly  one. 

During  the  past  six  years  a  few  {under  i  per  cent.)  of 
the  sanitary  authorities  in  England  and  Wales  have 
included  measles  in  the  list  of  notifiable  diseases  ;  and 
in  the  niajoiity  of  cases  the  Medical  Officers  of  Health 
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either  candidly  acknowledge  that  Ihey  have  reaped  no 
advantage,  and  that  the  measure  is  a  useless  one,  or 
they  express  their  doubts  as  to  its  utility. 

It  is  both  interesting  and  significant  to  note  that,  up 
to  the  commencement  of  the  year  1899,  the  Infectious 
Diseases  Notification  Act  has  been  extended  to  measles 
in  no  cases,  to  rotheln  in  seven,  to  whooping  cough  in 
twenty-six,  and  to  chicken-jMsx  in  eight  (on  account  of 
the  frequency  with  which  it  is  confused  with  modified 
smallpox).  But  in  thirty-eight  of  these  cases  the 
sanitary  authorities  have  subsequently  revoked  the 
addition  of  measles,  in  one  that  of  rotheln,  in  seven 
that  of  whooping  cough,  and  in  four  that  of  chicken- 
fKDx,  while  m  one  case  the  Act  was  extended  to  measles 
only  for  a  limited  period,  which  has  now  expired. 

It  may  be  useful  to  bring  measles  under  the  Notifica- 
tion Act  in  rural  districts  and  in  small  isolated  com- 
munities, if  in  these  cases  every  advantage  is  taken  of 
the  information  thus  obtained  to  detect  unnotified  cases, 
and  the  means  of  hospital  isolation  are  provided  ;  but 
in  larger  communities,  especially  when  not  adopted  in 
neighbouring  districts,  the  measure  is  not  to  be  recom- 
mended. 

What  has  to  be  faced  is  a  largely  preventable  mor- 
tality due  to  ignorance — a  mortality  which  is  very  high 
among  the  jxxjr,  and  very  low  among  the  better  classes  ; 
and  the  most  successful  scheme  for  reducing  measles 
mortality  appeafs  to  be  one  which  will  take  advantage 
of  all  the  means  which  elementary  schools  offer  of 
(a)  educating  the  future  parents,  and  of  (b)  gaining 
early  information,  and  checking  the  spread  of  infection. 

The  greatest  checks  to  the  spread  of  the  disease  would 

be  the  exclusion  from  school  of  children  from  infected 

houses,  the  sc-nding   home  of  suspicious  scholars,   the 

visitatioa  0/ absentees,  the  notification  of  infected  house- 
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holds  to  school  attendance  officers,  and  the  occasional 
prompt  closure  of  schools  during  epidemic  periods. 

It  is  highly  desirable  that  measles  should  be  brought 
within  the  scope  of  the  expression  "  infectious  disease  " 
as  used  in  the  Public  Health  Acts  of  1875  and  1891 
(London),  in  so  far  as  relates  to  wilful  exposure  of 
sufferers,  and  to  the  prohibition  of  the  use  of  public 
vehicles  for  conveying  measles  cases,  unless  certain 
precautions  are  taken. 

Kotheln,  Rubella,  or  German  Measles.— This  is  a  specific 
infectious  fever,  propagated  by  a  specific  contagium, 
and  not  a  hybrid  between  measles  and  scarlet  fever, 
from  either  of  which  diseases  it  is  entirely  non-protec- 
tive. It  has  a  usual  incubation  period  of  fourteen  to 
eighteen  days,  but  may  vary  from  one  to  three  weeks, 
and  is  infective  during  the  whole  course  of  illness 
(seven  to  fourteen  days).  It  is  not  a  disease  of 
common  occurrence,  and  the  illness  produced  is  almost 
invariably  very  mild.  It  is  probable  that  children  and 
young  adults  are  most  susceptible. 


Whooping  Cough, 

This  is  a  specific  infectious  disease,  the  infection 
being  given  off  in  the  secretions  from  the  lungs.  The 
specific  organism  has  not  yet  been  determined.  It  is 
probably  not  carried  far  in  the  air,  but  clings  per- 
tinaciously to  articles  of  clothing.  The  period  of  incu- 
bation may  last  from  one  to  three  weeks,  and  the  period 
of  infectiveness  is  usually  not  less  than  six  weeks  from 
the  onset  of  cough,  and  may  be  longer. 

Infants  and  young  children  are  especially  susceptible, 
and  comparatively  few  escape  attack.  The  younger  the 
child,  the  greater  is  the  likelihood  of  the  attack  proving 
fatal ;  40  per  cent,  of  the  mortahty  from  whoopim^  co\\'^'c\. 
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occurs  in  the  first  year,  30  per  cent,  in  the  second,  15 
per  cent,  in  the  third,  and  6  per  cent,  in  the  fourth. 
Girls  suffer  more  from  severe  attacks  which  end  fatally 
than  boys,  and  their  liability  to  contract  the  disease  is 
also  probably  greater,  In  the  first  two  years  of  life  the 
proportion  of  deaths  to  attacks  cannot  be  less  than  10 
per  cent.,  and  is  probably  higher.  After  the  third  year 
this  proportion  is  not  more  than  2  per  cent.  Adults 
seldom  suffer,  as  the  protection  afforded  by  an  attack 
in  childhood  is  so  universal;  but  if  unprotected  they 
are  equally  liable  with  children. 

Whooping  cough  is  now  the  most  fatal  of  all  the 
infectious  complaints  of  childhood  under  the  age  of  five 
years  ;  the  deaths  being  due  in  most  cases  to  pulmon- 
ary complications  (broncho-pneumonia).  For  the  period 
1881-90,  the  death  rate  was  34  per  1,000  under  five 
years  of  age  (measles  being  3"i);  and  the  death  rate 
for  all  ages  was  045  per  1,000.  Between  1871  and 
1880  the  death  rate  for  all  ages  averaged  0-3  per  1,000. 

Whooping  cough  recurs  in  regularly  recurring  epi- 
demics every  few  years,  but  it  has  an  exceptional 
prevalence  and  fatality  in  the  spring.  The  seasonal 
curve  attains  its  maximum  late  in  March  or  early  in 
April,  and  from  that  point  rapidly  declines  (see  fig.  86). 
I  Outbreaks  of  whooping  cough  and  measles  frequently 
occur  at  the  same  time,  and  the  preventive  measures 
which  may  be  taken  against  the  former  are  similar  to 
those  which  are  directed  against  measles. 

Typhus, 


A  specific  contagious  disease,  but  almost  invariably 
found  to  be  associated  with  conditions  of  hith  and  over- 
crowding  in   large  towns  amongst  poor  working-class 
populations. 


The  usual  period  of  incubation  is  about  one  to  two 
weeks.  The  infection  is  contained  in  the  exhalations 
from  the  lungs  and  skin,  and  is  transmitted  through 
the  air  from  the  sick  to  the  healthy  ;  but  it  is  rapidly 
destroyed  by  dilution  with  fresh  air,  and  does  not  cling 
to  articles  of  clothing,  so  that  in  a  well  ventilated  house 
typhus  rarely  spreads  from  the  original  case.  The 
female  sex  and  the  age  period  of  ten  to  twenty-five 
years  appear  the  most  susceptible. 

Being  so  closely  associated  with  overcrowding,  typhus 
increases  in  intensity  during  cold  weather,  when  there 
is  an  inducement  for  many  people  to  huddle  together  to 
keep  warm.  In  some  of  our  large  towns,  epidemics 
recur  in  certain  poverty  stricken  quarters  with  consider- 
able regularity,  as  fresh  susceptible  cases  arise. 

The  mortality  from  typhus  has  undergone  an  enor- 
mous diminution  in  this  country  during  the  last  twenty 
years.  Before  i86g,  typhus,  enteric  fever,  and  simple 
continued  fever  were  included  together  in  the  Registrar- 
General's  returns  under  the  generic  heading  of  "  Fever  "; 
but  since  that  date  mortality  returns  of  these  three  dis- 
eases have  been  presented  separately.  In  1869  the  death 
rate  from  typhus  in  England  was  0-193  P^''  ijooo  living 
at  all  ages;  between  1881  and  1890  the  average  typhus 
death  rate  was  only  o-oi4  per  1,000;  between  1886  and 
1890  the  average  rate  was  only  o-oo65  per  1,000;  that  is 
to  say,  it  has  fallen  to  one-thirtieth  of  its  former  rate  in 
the  space  of  twenty  years. 


Simple  Continued  Fever. 

This  is,  probably,  in  a  large  majority  of  cases,  a  con- 
venient term  for  the  registration  of  deaths  due  to 
undiagnosed  and  obscure  cases  of  fever,  such  as  may 
occur  in  typhus,  general  tuberculosis,  septicaemia,  pneu- 
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Hmonia,  and  intermittent  fever.  Dr.  Longstaffe  is  of 
opinion  that  only  a  very  small  proportion  of  these  <.leaths, 
if  any,  are  due  to  enteric  fever.  Simple  continued  fever 
as  a  cause  of  death  exhibits  a  decrease  in  the  last  twenty 
years  closely  analogous  with  that  of  typhus  (in  1869  the 
death  rate  was  024  per  1,000;   in  1890  the  death  rate 

(was  0013).  This  decrease  is,  no  doubt,  largely  due  to 
greater  precision  in  diagnosis,  but  may  to  a  certain 
extent  be  due  to  the  diminishing  prevalence  of  a  dcfmite 
disease. 

Diphtheria. 

H  The  etiology  of  this  disease  is  still  to  a  certain  extent 
"^  veiled  in  obscurity.  Whilst  on  the  one  hand  it  cannot 
be  doubted  that  diphtheria  is  contagious,  the  contagion 
being  transmitted  from  the  sick  to  the  healthy,  on  the 
other  hand  diphtheria  outbreaks  in  rural  districts  at 
times  appear  to  originate  independently  of  the  infection 
of  a  pre-existing  case,  and  to  be  causally  related  with 
the  effluvia  arising  from  decomposing  animal  and  vege- 
table substances,  or  with  excessive  moisture  of  soils,  or 
sites  of  houses.  But  recent  research  seems  to  show  that 
the  diphtheria  contagion  has  the  fKDwcr,  under  certain 
conditions,  of  lying  latent  for  long  periods  of  time,  with 
the  capacity  of  renewing  its  virulence  under  special 
circumstances,  and  that,  as  in  the  case  of  enteric  fever, 
mild  2ind  unrecognised  forms  of  the  disease  may  deposit 
the  virus  in  the  most  unlikely  localities. 

In  many  instances  of  such  occurrences  the  explanation 
lay  be  that  the  organism  of  diphtheria,  the  Klebs- 
Locffler  bacillus,  is  sometimes  present  in  a  non-virulcnt 
form  in  the  mouth  of  healthy  persons ;  and  if  a  slight 
sore  throat  or  tonsillitis  occur  in  snch  a  person,  then  the 
bacilli  may  become  virulent,  and  give  rise  to  true  diph> 
theria. 
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One  observer  has  found  virulent  diphtheria  bacilli  in 
the  urine  five  hours  after  the  experimental  inoculation  of 
an  animal.  A  similar  condition  may  possibly  occur  in 
human  diphtheria,  and  be  one  mode  of  propagation  of 
the  disease.  Koux  and  Yersin  produced  wasting  para- 
lysis, and  ultimately  death  in  animals  by  inoculation 
with  the  urine  from  virulent  cases  of  diphtheria. 

A  bacillus,  known  as  the  pseudo-diphtheria  bacillus, 
has  been  described  by  many  observers  in  the  throats  of 
apparently  healthy  children,  as  well  as  in  those  of 
patients  convalescent  from  diphtheria.  This  pseudo- 
diphtheria  bacillus  is  morphologically  and  culturally 
allied  to  the  Klebs-Loeftier  bacillus,  but  is  usually  non- 
pathogenic to  animals.  The  relation  between  the  two 
organisms  has  not  yet  been  conclusively  shown. 

Diphtheria  occurs  endemically  in  certain  localities, 
localized  epidemic  extensions  taking  place  from  time  to 
time.  It  has  been  a  matter  of  observation  that  certain 
rural  districts,  in  which  the  surface  soil  is  cold  and 
humid,  and  where  damp  houses  and  privy  and  drainage 
nuisances  abound,  or  where  the  aspect  involves  much 
exposure  to  cold,  wet  winds,  are  particularly  favoured 
by  diphtheria.  The  broad  geological  features  of  a 
district — the  permeability  or  otherwise  of  the  surface 
strata — have  not,  as  such,  any  observed  influence  on 
the  development  and  dilTusion  of  the  disease ;  but  such 
topographical  relations  as  facilitate  the  retention  of 
moisture  and  organic  refuse  in  the  surface  soil,  or 
involve  bleakness  of  site  or  exposure  to  cold  and  wet 
winds,  appear  to  lie  of  importance, 

According  to  Newsholme  diphtheria  tends  to  become 
epidemic  in  years  of  deficient  rainfall,  the  epidemic 
wave  becoming  most  marked  when  three  or  more  years 
of  deficient  rainfall  follow  each  other. 

Until  lately  diphtheria  was  regarded  as  being  to  a  far 
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greater  extent  a  rural  than  an  urban  disease,  but  during 
tlie  last  ten  years  diphtheria  mortality  has  progressively 
increased  very  greatly  in  London  and  other  large  cities. 
Thus,  in  1881  in  London  the  death  rate  from  diphtheria 
was  O'lj  per  1,000,  the  average  of  the  ten  years  1871-80 
being  o"i2  per  1,000.  The  average  of  the  decennium 
1881-90,  however,  was  o'26  per  1,000;  and  in  1S89  the 
death  rate  was  0-39  per  1,000 — a  mortality  three  times 
as  great  as  that  prevailing  in  the  1871-80  decennium. 
The  average  death  rate  of  the  ten  years  1890-9  is  0*49 
per  1,000.  The  death  rate  in  the  twenty-eight  large 
towns  has  also  increased  from  o'i4  in  1881  to  0*26  in 
1889,  although  the  death  rate  from  this  disease  in  the 
country  generally  has  only  risen  from  012  in  1S81  to 
()'i8  in  1H89.  As  to  the  distribution  of  tiie  disease  in 
England  and  Wales,  it  is  most  prevalent  and  fatal  in  the 
counties  of  Essex,  Kent,  Middlesex,  Sussex,  Surrey,  and 
Suffolk,  and  also  in  South  Wales,  and  least  prevalent  in 
the  counties  of  Nottingham,  Northampton,  and  Cumber- 
land. There  can  be  no  doubt  that  to  the  system  of 
compulsory  elementary  education  now  prevailing  in  our 
large  towns,  which  gives  such  extended  facilities  for  the 
spread  of  infection  amongst  young  children,  some  of  this 
increase  must  be  attributed.  It  is  (xissible,  however, 
that  some  small  portion  of  the  increase  in  the  fatality  of 
diphtheria  is  apparent,  and  not  real,  owing  to  the  greater 
precision  in  diagnosis,  and  to  the  consequent  registration 
of  cases  as  diphtheria  which  would  formerly  have  been 
certified  as  due  to  croup,  laryngitis,  or  tonsillitis. 

The  incidence  of  the  disease  is  most  marked  in 
children  between  the  ages  of  two  and  twelve  years,  and 
subse(juently  decreases  with  every  year  of  advancing 
age.  As  a  rule,  the  younger  the  child,  the  greater  the 
chance  of  an  attack  proving  fatal.  The  average  mortal- 
ity of  cases  notified  in  London  (average  of  1890-4)  was 
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23"8  per  cent.,  and  is  now  ly-a  per  cent,  (average  of 
1895  g,  during  which  years  antitoxin  has  been  in  use). 
Tlie  case  mortality  in  the  Metropolitan  .\sylums  Board 
hospitals  was  30-3  per  cent,  (average  of  1888-94),  ^^d  is 
now  17  per  cent,  (average  of  1895-9). 

School  attendance  is  now  acknowledged  to  be  a  very 
potent  factor  in  the  spread  of  diphtheria,  as  in  scarlet 
fever  and  measles.  Infection  is  spread  by  the  attendance 
at  school  of  mild  or  unrecognised  cases,  and  this  is  espe- 
cially likely  to  occur  in  the  public  elementary  schools, 
where  the  class  rooms  are  often  overcrowded  and  badly 
ventilated,  and  the  children  are  brought  into  very  close 
contact  at  the  most  susceptible  age-periods.  Mr.  Shirley 
Murphy  has  shown  that  in  London  the  increased  inci- 
dence of  diphtheria  among  children  from  three  to  ten 
years  of  age  (school  age)  first  became  conspicuous  in  the 
year  1871 — the  year,  that  is,  in  which  the  Elementary 
Education  Act  first  brt:ame  operative,  that  there  is  a 
marked  decline  in  incidence  during  the  holidays,  and  a 
subsequent  rise  with  the  re  opening  of  the  schools  (due 
allowance  being  made  for  the  incubation  period  and  for 
some  delay  in  notification).  Although  during  the 
summer  holidays  there  is  also  a  decline  in  incidence 
among  persons  over  ten  years  of  age,  it  is  never  so 
great  as  the  decline  among  children  of  the  school  age 
(three  to  ten). 

Prevalences  of  recognised  diphtheria  are  very  com- 
monly associated  in  their  beginnings,  during  their 
continuance,  and  after  their  apparent  cessation,  with 
a  large  amount  of  ill-defined  throat  illness ;  and  there 
is  considerable  evidence  in  favour  of  the  view  that 
attacks  of  so-called  "  sore  throat  "  exhibit,  under  cer- 
tain favouring  conditions,  such  as  the  overcrowding  of 
children  of  susceptible  age  in  dormitories  and  class 
rooms,  a  "  progressive  development  of  the  property  of 
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Hnfectiveness, "  culminating  in  a  definite  specific  type, 
which  is  indistinguishable  from  true  diphtheria  (Thome 
Thorne).  That  is  to  say,  in  these  forms  of  sore  throat 
a  virus  is  gradually  propagated  \>y  personal  infection 
which  is  ultimately  able  to  originate  specific,  and 
possibly  virulent,  diplilheria. 

Diphtheria    epiduinics   are   occasionally   inextricably 
mixed  up  with  outbreaks  of  scarlet  fever  and  measles. 

•  There  is  no  reason  to  believe  that  diphtheria  is  in  any 
way  interchangeable  with  scarlet  fever  or  measles,  in 
the   sense   that   the   infection    of   the    one  <lisease   may 

■  prcnluce  the  other ;  but  it  would  seem  that  the  morbid 
condition  of  the  throat  left  after  scarlet  fever  or  measles 
predisposes  the  sufferer  to  become  receptive  of  the  diph- 
theria contagion,  which   may  be  present  in  a  locality 
together  with  the  poison  of  either  of  the  other  diseases. 
Faulty  sanitary  surroundings   (drainage  and  filth  nuis- 
ances) tend  to  the  production  of  diphtheria  in  the  same 
Hway,  namely,  by  engendering   a   morbid   condition   of 
the  tonsils  favourable  to  the  growth  of  the  diphtheria 
contagion  if  implanted  thereon. 
H      Patients  convalescing  from  scarlet  fever  are  not  infre- 
"^quently    attacked    with    diphtheria    ("  post -scarlatinal 
diplilheria  "),  the  infection  of  which  is  probably  intro- 
iduccd  into  the  scarlet  fever  wards  by  an  unrecognised 
lease  of  diphtheria.     The  prevention  of  post-scarlatinal 
I  diphtheria  is  a  matter  of  great  difficulty.     A  fiactcrio- 
llogical   examination   of    the    throats   of    all    cases    on 
[admission    would    prevent    the    introduction   into   the 
Ifever  wards  of  cases  of  diphtheria  running  concurrently 
with  scarlet  fever,  but  might  not  lead  to  the  isolation  of 
patients  in  the  mcubation  stage  of  diphtheria. 
I     The  diphtheritic  contagion  is  given  off  from  the  body 
in  the  secretions  ftom  the  mouth,  nose,  and  throat,  and, 
although   probably  not  far  diffusible  in  the  aix,  clings 
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with  great  pertinacity  to  infected  articles  of  clothing  and 
bedding. 

As  is  the  case  with  some  other  infectious  nialadies, 
there  appears  to  be  in  certain  individuals  a  peculiar 
hereditary  or  family  susceptibility  to  attacks  of  diph- 
theria. A  still  more  remarkable  circumstance  is  that 
in  certain  individuals,  who  have  suffered  once  from 
diphtheria,  there  seems  to  l)e  the  possil)ility  of  the  rrcru- 
descence  of  an  infective  quality  attaching  to  ordinary 
attacks  of  sore  throat  (Gresswell).  In  sucli  persons 
there  is  often  chronic  tonsillar  and  nasal  inflaminalion, 
liable  to  become  acute  from  chill  or  exposure,  and  then 
apparently  capable  of  propagating  true  diphtheria. 

Season  has  a  marked  influence  on  the  manifestation, 
and,  above  all,  on  the  mortality  from  diphtheria.  Epi- 
demic prevalences  of  the  disease  commonly  commence 
in  September,  reach  their  highest  point  during  October 
and  November,  and  then  subside  slowly  during  the 
following  two  months — the  smallest  amount  of  mortality 
being  \vitnessed  in  the  summer — May  to  July.  There  is 
some  excess  of  diphtheria  mortality  in  females  as  com- 
pared with  males.  It  is  probably  due,  at  all  periods  of 
life,  to  greater  opportunity  of  exposure  of  females  to 
infection  {Thorne  Thome).  The  incubation  period  is 
usually  under  four  days'  duration,  rarely,  if  ever,  less 
than  two  or  more  than  seven  days. 

An  affection  of  the  throat,  in  inany  respects  similar 
to  human  diphtheria,  has  been  noticed  as  occurring  in 
cats,  pigeons,  fowls,  and  other  birds,  during  periods  of 
epidemic  prevalence  of  this  disease.  According  to  Klein, 
diphtheria  is  a  natural  disease  in  the  cat,  which  causes 
intense  broncho-pneumonia  and  fatty  degeneration  of  the 
cortex  of  the  kidneys.  A  very  similar  disease  can  be 
produced  in  cats  by  subcutaneous  inoculation  of  cultures 
of  the  Bacillus  diphtheria,  giving  rise  at  first  to  a  tumour 
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at  tlie  seat  of  inoculation,  subsequently  followed  by 
broncho-pneumonia  and  kidney  degeneration.  But  the 
bacillus  is  only  recoverable  from  the  tumour,  and  is  not 
found  in  the  blood  or  affected  organs,  pointing,  as  in 
man,  to  the  visceral  disease  being  a  result  of  the  action 
of  a  chemical  poison — an  albumose — produced  by  the 
bacillus  at  the  seat  of  inoculation  and  absorbed  from 
thence  into  the  system.  The  disease  called  diphtheria 
in  pigeons,  calves,  and  other  animals  is  due  to  a  different 
organism,  and  appears  not  to  be  communicable  to  man ; 
but  Cobbett  has  recorded  a  case  of  natural  diphtheria  in 
a  pony,  from  which  a  child  contracted  the  disease. 

There  is  abundant  evidence  to  show  that  diphtheria 
has  often  been  conveyed  through  the  medium  of  milk, 
and  this  infectivity  of  the  milk  has  been  ascribed  on 
some  occasions  to  some  morbid  condition  of  the  cow  or 
cows.  Klein  has  shown  that  cows  and  calves,  when 
subcutaneously  inoculated  with  cultures  of  the  Bacillus 
diphtheria,  develop  a  disease  similar  to  that  observed  in 
cats,  and  usually  proving  fatal  in  the  course  of  two  or 
three  weeks,  the  chief  post-mortem  signs  being  intense 
broncho-pneumonia  and  necrotic  patches  in  the  liver. 
But  in  addition  these  animals  develop  on  the  fifth  day 
from  inoculation  an  eruption  on  the  udders  and  teats — 
papules  passing  into  vesicles  and  pustules,  which  dry  up 
into  crusts — lasting  five  to  seven  days.  The  remarkable 
fact  about  this  disease  in  the  cow  is  that,  unlike  the 
human  and  cat  disease,  the  bacillus  passes  into  the 
system,  for  pure  cultivations  of  it  were  obtained  not 
only  from  the  udder  lesions,  but  also  from  milk  taken 
from  a  teat  unaffected  by  the  eruption.  This  bacillus 
when  inoculated  into  calves  proved  its  infectious  nature 
by  causing  a  disease  similar  to  that  of  the  cow  from 
which  the  bacillus  was  taken,  but  attended  also  with 
fatty  degeneration  of  the  kidneys. 
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There  is  little  or  no  evidence  pointing  to  the  spread 
of  the  disease  by  drinking  contaminated  water.  Klein, 
indeed,  has  stated  that  the  Bacillus  diphtheria  is  killed 
when  kept  for  a  few  days  in  pure  water,  on  account  of 
not  finding  sufficient  nutriment. 

In  practice  it  is  most  important  to  recognize  the 
disease  at  its  very  earliest  stage,  for  if  the  bacillus  is 
allowed  time  to  form  a  sufficient  dose  of  poison,  it  is 
useless  to  remove  the  diphtheritic  membrane,  as,  though 
the  bacilli  may  then  be  destroyed,  sufficient  poison  may 
have  passed  into  the  system  to  cause  the  death  of  the 
patient.  For  in  diphtheria,  contrary  to  what  occurs  in 
most  other  infective  maladies,  the  infection  is  not  pro- 
duced by  the  invasion  of  the  tissues  by  a  microbe,  but 
by  the  diffusion  through  the  organism  of  a  toxin  pre- 
pared on  the  surface  of  a  mucous  membrane,  and  there- 
fore practically  outside  the  body. 

The  specific  bacillus  may  persist  in  the  mouth  for  a 
considerable  time  after  the  false  membrane  has  dis- 
appeared. Dr.  Hermann  Biggs  (New  York  Health 
department)  has  subjected  405  cases  of  true  diphtheria 
to  repeated  bacteriological  examinations  during  the 
course  of  the  disease,  and  during  convalescence.  In 
245  cases  (60-5  per  cent.)  the  Klebs-LoefHer  bacillus 
disappeared  within  three  days  of  the  complete  separa- 
tion of  the  false  membrane;  in  103  cases  (25"4  per  cent.) 
the  bacilli  persisted  for  seven  days;  in  34  cases  (8-4  per 
cent,  for  twelve  days  ;  in  16  cases  (4  per  cent.)  for 
fifteen  days;  in  4  cases  (i  percent.)  for  three  weeks 
and  in  3  cases  (-75  per  cent.)  for  five  weeks,  after  tlie 
time  wlien  the  exudation  had  completely  disappeared 
from  the  upper  air-passages."     In  many  of  these  cases 

•  Sternberg  in  the  1901  edition  of  his  book  quotes  the  following: 
"  Park  and  Beebe  (1894)  in  an  extended  research,  made  for  the  f  ur- 
pose  of  determining  the  persistence  of  the  diphtheria  bacillus  in  the 
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the  patients  were  apparently  well  many  days  before  the 
infectious  agent  had  disappeared  from  the  throat.  Such 
results  as  the  above  are  suggestive  of  a  method  of  dis- 
semination of  the  disease  by  the  mixing  of  convalescents 
with  healthy  people,  whilst  their  throat  secretions  still 
contain  specific  bacilli.  It  is  never  safe  to  allow  re- 
covered patients  to  mix  with  healthy  people  until  at 
least  fourteen  days  have  elapsed  since  the  disappearance 
of  all  membrane.  During  the  whole  of  this  time  the 
mouth  and  throat  should  be  repeatedly  washed  with 
disinfectant  lotions ;  and  as  the  bacilli  are  frequently 
present  in  the  nasal  discharges,  an  antiseptic  nasal 
douche  should  also  be  used,  especially  if  much  dis- 
charge from  the  nasal  cavities  was  present  during  tlie 
acute  stage  of  the  disease. 

Outside  the  body  the  diphtheritic  virus  retains  its 
active  properties  for  long  periods  (many  months),  espe- 
cially when  deprived  of  air  and  protected  from  light. 
The  action  of  light  and  air  and  alternating  moisture  and 
dryness  destroy  the  virus  with  considerable  rapidity. 
The  bacilli  can  resist  a  dry  heat  of  98°  C.  for  one 
hour,  but  a  moist  temperature  of  58'  C,  acting  for  ten 
minutes,  is  sufficient  to  kill  them,  so  that  boiling  water 
or  disinfection  in  a  steam  chamber  is  always  perfectly 
efficacious  in  destroying  their  vitality. 

The  virus  of  diphtheria  attenuated  as  to  its  virulence 
by  exposure  to  atmospheric  conditions  is,  no  doubt, 
very  widely  distributed  among  populous  communities. 

throats  of  convalcscenia  (1.566  cultures  made)  Found  thai,  in  304  out 
of  605  contecutive  caKS.  the  bacillus  diuppeared  within  three  diiya 
after  the  diKappcatance  of  the  exudate  (that  in,  in  5015  per  cent.) ; 
in  17O  caKCK  (291  per  cent.)  it  persisted  for  Mven  daysi ;  in  64  ca* 
(ici'fj  pet  cenl.)  for  twelve  days ;  in  3b  cases  (59  per  cent.)  for  fillcen 
day*)  in  u  cases  (2  per  cent.)  (or  three  weeks  ;  In  4  cases  (nM  per 
cent.)  for  four  weeks;  and  in  2  cases  (0'33  pet  cent.)  for  nine  weeks." 
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The  attenuated  bacilli  very  readily  regain  their  viru- 
lence when  they  become  implanted  on  human  fauces 
weakened  by  the  attacks  of  other  organisms,  especially 
(erysipelas)  streptococci,  and  the  organisms  associated 
with  measles,  scarlet  fever,  and  rotheln,  as  well  as  of 
those  occasionally  present  in  drain  and  sewer  emana- 
tions (drain  throat). 

It  is  probable  that  the  Klebs-Locffler  bacillus  may  be 
much  more  widely  distributed  in  the  throat  secretions 
of  children  than  at  one  time  was  considered  possible. 
In  large  towns,  when  diphtheria  was  endemic,  it  would 
appear  from  recent  statistics  that  from  5  to  10  per  cent. 
of  the  children  of  the  working  classes  have  the  bacillus 
in  their  throats ;  and  in  the  majority  of  these  cases 
there  is  no  evidence  of  any  unhealthy  condition  of  the 
fauces.  This  is  a  consideration  of  importance  when  an 
outbreak  of  tliphth*;ria  occurs  in  a  school.  The  exam- 
ination of  the  throats  of  all  the  children,  and  of  the 
nasal  discharges  of  those  with  "running  noses,"  may 
reveal  in  some  the  presence  of  the  specific  bacillus. 
Tile  isolation  of  such  children  should  prove  effective 
in  limiting  the  spread  of  the  disease. 

An  antitoxin  scrum  has  recently  been  introduced 
through  the  observations  of  liehring,  Kitasato,  and 
others,  which  not  only  has  the  power  of  conferring 
immunity  upon  animals,  but  also  of  arresting  the 
disease  after  it  has  commenced  in  the  human  subject. 
The  serum  is  obtaincil  as  follows: — The  virulent  Klcbs- 
Loefller  bacillus  is  grown  in  broth  for  seven  to  twelve 
days  at  35°  C,  when  a  maximum  quantity  of  toxin 
will  he  furnished  in  the  liquid  liy  the  metabolism  of  the 
bacilli.  The  culture  liquid  is  then  filtered  through  a 
porcelain  filter,  to  arrest  all  microbes,  and  the  clear 
licjuid  resulting  is  injected  suhcutaneously  into  a  horse. 
Gradually,  by  repeated  injections  of  this  toxin  over  a 
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period  of  two  or  three  months,  the  horse  is  brought  into 
a  condition  in  which  its  serum  possesses  very  high 
antitoxic  properties.  The  animal  is  then  bled,  and  the 
serum  obtained  from  the  drawn  blood  is  mixed  with  a 
little  weak  antiseptic,  usually  o-2  per  cent,  carbolic  acid, 
filtered  through  a  porcelain  filter,  and  after  standardisa- 
tion, is  stored  ready  for  use. 

That  the  lessened  case  mortality  from  diphtheria 
which  has  resulted  from  the  use  of  antitoxin  is  oot 
attributable  to  any  natural  attenuation  of  the  virus,  or 
to  a  change  in  the  conditions  of  environment,  is  proved 
from  the  fact  that  in  parts  of  Germany  and  elsewhere 
on  the  Continent,  whilst  the  local  incidence  of  the  dis- 
ease has  remained  unchanged  among  people  in  the 
same  community,  and  influenced  by  similar  sanitary 
environments,  there  is  a  reduction  in  the  case  mortality 
only  among  those  who  have  been  treated  with  antitoxin. 

■  In  order  to  facilitate  an  early  application  of  the 
remedy,  some  local  authorities  keep  a  stock  of  antitoxin 
at  their  public  offices,  and  supply  it  to  practitioners  at 
cost  price,  since  they  are  not  empowered  to  incur  the 
expense  of  gratuitous  provision  of  a  curative  remedy. 
The  provision  is  a  useful  one,  for  experience  has  shown 
the  high  importance  of  an  early  application  of  a  large 
initial  dose,  ranging  from  6,000  to  8,000  units,  according 
to  the  gravity  of  the  symptoms. 
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Asiatic  Cholera. 


Cholera  is  endemic  in  the  delta  of  the  Ganges,  and 
probably  also  in  other  parts  of   India  and  the  Orient. 

■  £pidcmic  extensions  take  place  from  time  to  time,  the 
disease  being  imported  from  these  "  homes  of  cholera  " 
into  far  distant  countries,  by  sea  or  overland,  by  means 
of  persons  suffering  from  or  recovering  from  it,  or  pos- 
sjA/y  by  nieaas  o/'io/ected  articles. 
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The  three  main  routes  which  cholera  has  taken  from 
the  endemic  area  in  India  to  Western  Europe  are  as 
follows:  (i)  Throuf^h  (he  north-western  provinces  of 
India  to  Afghanistan,  and  tiience  by  caravan  routes  to 
Khiva  and  Russia ;  (2)  from  Southern  India  up  the 
Gulf  of  Persia,  and  thence  to  Syria  and  Egypt,  and 
across  Persia  to  the  Caspian  Sea  ;  (j)  mainly  by  pilgrim 
traffic  to  the  Red  Sea  ports  and  Egypt,  and  thus  to  the 
Mediterranean. 

The  usual  mode  of  propagation  of  cholera  is  through 
drinking  water.  The  specific  poison  is  contained  in  the 
copious  bowel  discharges  of  the  sick,  and  may  find  its 
way  through  the  soil  on  which  the  dejecta  are  thrown, 
into  streams,  wells,  or  tanks.  It  is  also  possible  tliat 
the  contagion  is  at  times  transmitted  through  the  air  by 
the  dried  choleraic  discharges  being  borne  into  the  air 
by  currents  of  wind  ;  although  opposed  to  this  view  is 
the  fact,  found  by  several  observers,  that  the  cholera 
germs  are  rapidly  killed  l)y  drying,  usually  in  two  or 
three  minutes,  if  tiie  drying  is  complete.  If  Hies  feed  on 
infected  material,  the  organisms  may  be  found  in  them 
twenty-fours  hours  afterwards.  Haffkine  also  has 
shown  that  in  an  infected  district  flies  can  contaminate 
milk  with  cholera  spirilla,  if  the  milk  be  kept  in  open 
vessels;  so  that  it  seems  probable  that  cases  of  apparent 
transmission  of  the  disease  through  the  air  are  in  reality 
due  to  the  agency  of  Hies. 

Temperature  and  moisture  are  controlling  factors  of 
great  importance.  When  the  disease  is  imported  into  a 
temperate  climate,  the  intensity  of  the  epidemic  is 
invariably  felt  in  the  lale  summer  and  autumn,  and 
dies  away  with  the  approach  of  cold  weather,  possibly 
to  again  acquire  epidemic  intensity  in  the  following 
summer.  It  is  evident,  therefore,  that  the  specific  virus 
can  only  attain  its  virulence  where  the  temperature  of 
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the  air,  and  therefore  of  the  soil  is  sufficient.  The  com- 
t  bination  of  moisture  and  heat  of  soil,  characteristic  of 
^B  the  Ganges  delta,  appears  to  offer  the  most  suitable 
^H  environment  for  the  cholera  virus. 

^P  Surgeon-Major  Cunningham  has  shown  that  the 
comma  bacilli,  which  are  found  in  the  evacuations  of 
cholera  patients,  and  which  are  regarded  by  many  as 
the  specific  cause  of  the  disease,  when  introduced  into 
polluted  water  or  soil,  tend  rapidly  to  disappear,  as  they 

Pare  attacked  and  destroyed  by  the  saprophytic  bacteria 
always  present  in  such  circumstances ;    but   in   some 
cases  they  have  been  found  alive  even  after  two  or  three 
months  in  cholera  dejecta  kept  at   room   temperature. 
The  comma   bacillus   may  be   regarded,    however,    as 
pathognomonic  of  the  disease ;    and   its  presence  when 
detected  in  the  stools  may  be  considered  as  sufficient  to 
establish  the  diagnosis  of  Asiatic  cholera. 
^L       The  incubation  period  of  cholera  is  usually  very  short 
^P  —one  or  two  days ;    but  it    may  occasionally  be  pro- 
^1  longed  for  ten  days  or  more.     The  evacuations  are  most 
"   infective  during  the  height   of   the   disease ;    and    it   is 
[        believed   that  the  specific  virus   (bacilli)   may  nuiltiply, 
^B  after  leaving  the  body,  in  water  or  soil  of  suitable  tcm> 
^P  perature. 

^M  In  epidemic  periods  the  proportion  of  deaths  to 
^M  attacks  is  greatest  during  the  period  of  maximum 
^B  intensity  of  the  epidemic.  When  the  epidemic  is  first 
^m  commencing,  and  after  it  has  begun  to  subside,  the 
^M  recoveries  may  considerably  exceed  the  deaths  in 
^B  number. 

^B  The  preventive  measures  which  have  hitherto  acted 
most  successfully  in  keeping  thr  disease  out  of  these 
islands  have  reference  to  our  "  first  line  of  defence,"  i.e., 
the  coast.  By  far  the  most  important  are  contained  in 
the provisioni  of  the  Cholera  Order  of  the  Local  Govern- 
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ment  Board  (quod  vide),  but  other  valuable  measures 
have  been ;  (i)The  Order  prohibiting  the  importation 
of  rags  from  all  infected  ports;  (2)  the  Order  prohibiting 
the  landing  of  "  fiUby  and  unwholesome  aliens,"  unless 
they  first  satisfy  the  medical  officer  of  healtfi  of  their 
freedom  from  cholera,  and  give  their  names  and 
destinations;  (3)  the  provision  of  the  means  of  isolating 
the  infectious  sick  at  our  ports ;  (4)  the  placing  of  these 
ports  in  a  good  sanitary  condition  by  dealing  with  in- 
sanitary dwellings  and  areas,  so  as  to  remove,  as  far  as 
possible,  all  foci  for  infection  ;  and  (5)  the  adoption  of 
every  possible  precaution  to  safeguard  the  purity  of  the 
public  water  supply. 

The  issue  of  printed  notices  by  the  local  authority,  in 
which  instruction  is  given  as  to  the  means  to  be  adopted 
by  the  iiniividual  to  guard  against  infection  is  a  useful 
measure.  In  such  handbills  it  should  be  stated  that  raw 
vegetables  and  fruit  should  hv  avoided  ;  that  extreme 
cleanliness  in  Ihe  household  should  be  adopted,  since 
cholera  is  essentially  a  filth  disease  ;  that  all  milk  and 
water  should  be  boiled  shortly  before  use  ;  and  that  on 
the  occurrence  of  diarrhtea  in  any  individual,  medical 
advice  should  be  at  once  sought. 

When  the  danger  of  an  outbreak  becomes  imminent 
in  any  district,  a  staff  of  nurses  should  be  enlisted, 
arrangements  made  for  the  use  of  any  available  buildings 
as  temporary  hospitals,  a  large  stock  of  disinfectants 
provided  for  gratuitous  distribution,  and  measures  taken 
for  the  supply  of  anticholera  inoculations  to  medical 
practitioners. 

The  provisions  of  the  Cholera  Order  have  supplanted 
those  of  Continental  quarantine  in  these  islands,  and 
are  doubtless  far  more  successful.  The  facts  which  tell 
against  the  efficiency  of  quarantine  as  practised  else- 
where, are  certainly  sufficiently  strong  to  warrant   the 
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adoption  by  all  countries  of  the  English  system.  The 
detention  of  persons  on  board  an  infected  ship  for  many 
days  is  not  a  measure  calculated  to  protect  the  healthy 
from  infection,  and  to  limit  the  spread  of  the  disease, 
whilst  the  delays  thus  caused  are  ruinous  to  trade. 
Such  measures  have  been  shown  to  be  unnecessary  in 
this  country,  and,  owing  to  frequent  evasions,  they  often 
fail  in  their  object  of  keeping  the  disease  out  of  foreign 
ports.  In  Malta  the  provisions  of  Italian  quarantine 
continue  to  be  practised,  but  the  British  system  is  in 
application  at  Gibraltar;  the  result  is  that  Gibraltar 
generally  escapes  from  imported  infectious  disease, 
whereas  Malta  almost  invariably  suffers.  A  very 
vigorous  system  of  quarantine,  moreover,  utterly  failed 
to  prevent  cholera  crossing  the  great  natural  barrier 
.afforded  by  that  huge  inland  sea,  the  Caspian,  when  the 
disease  appeared  on  its  eastern  shores  on  the  occasion 
of  the  last  great  visitation  of  cholera  to  Europe. 

Land  quarantine— by  which  is  implied  the  drawing  of 
a  cordon  of  soldiers  or  police  round  an  infected  area — 
generally  also  fails  in  its  purpose. 

EnUrU  Fever. 

Typhoid  or  enteric  fever,  excepting  its  possible  origin 
from  a  cow  disease,  is  a  specific  disease  dependent  for 
its  propagation  upon  a  specific  virus.  It  is  not  always 
possible  to  establish  the  dependence  of  an  outbreak  on 
a  pre-existing  case;  but  it  is  not  necessary  for  this 
reason  to  assume  that  the  disease  can  originate  inde- 
pendently— from  decomposition  of  organic  lilth  apart 
from  the  infection  of  a  previous  case— seeing  that  the  con- 
tagion may  undoubtedly  have  a  long  period  of  latency 
with  diminution  or  loss  of  virulence,  which  can  again 
be  roused  iato  action  under  special  but  unknown  com> 
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binalions  of  circumstances.  Besides  this,  enteric  fever 
is  sometimes  a  mild  disease  and  unrecognised  even  by 
the  patient  himself,  who  goes  about  his  ordinary  avoca- 
tions unaware  that  he  is  spreading  contagion  broadcast. 

The  period  of  incubation  is  usually  a  long  one,  from 
ten  to  fourteen  days.  The  limits  of  its  maximum  dura- 
tion are  not  accurately  known,  but  in  rare  cases  it  is 
prolonged  to  twenty-one  days.  The  infection  is  con- 
tained in  the  stools  during  the  whole  period  of  illness 
(four  to  eight  weeks  or  longer).  The  organisms  are 
found  in  the  urine  rather  late  in  the  disease  (third  or 
fourth  week)  in  about  25  per  cent,  of  the  cases,  and 
sometimes  are  present  in  enormous  numbers,  so  that 
the  urine  is  rendered  turbid,  and  resembles  a  pure 
culture  of  the  typhoid  bacillus.  The  virus,  which  is 
almost  certainly  the  bacillus  isolated  by  tiberth  and 
Gaflfky,  is  transmitted  from  the  sick  to  the  healthy, 
chiefly  by  means  of  drinking  water,  but  occasionally 
through  fomites  and  the  air.  In  enteric  fever,  as  in 
cholera,  it  would  appear  probable  that  at  the  moment 
of  leaving  the  body  the  specific  contagion  is  not  pos- 
sessed of  any  high  degree  of  virulence,  for  the  reason 
that  the  mode  of  existence  of  these  organisms  in  the 
intestine  must  be  from  the  first  practically  an  anaero- 
biotic  one.  Probably  many  people  who  are  exposed  to 
the  infection  of  both  enteric  fever  and  cholera  escape, 
owing  to  the  virus  being  destroyed  on  swallowing  by 
the  acid  of  the  gastric  juice.  But  those  who  are  out  of 
health,  or  who  are  suffering  from  diarrhcea  (especially  is 
this  the  case  in  cholera),  may  offer  much  less  resistance 
to  the  invasion  of  the  contagion. 

Enteric  fever  is  not  a  disease  of  universal  occurrence 
like  smail-pox  formerly  was  in  unprotected  communities. 
Many  people  appear  to  be  insusceptible  to  the  infection; 
but  of  this  a  partial  explanation  is  offered  by  the  above 
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statement,  and  by  the  possibility  that  the  disease  may 
have  been  contracted  in  childhood,  when  it  is  often 
mild  and  unrecognisable,  and,  as  a  rule,  one  attack 
confers  immunity  for  the  remainder  of  life.  No  age  and 
neither  sex  is  free  from  risk  of  attack,  but  the  period  of 
fifteen  to  twenty-five  years  appears  to  be  specially  prone 
to  suffer.  Between  the  age  of  three  and  twenty  years 
the  mortality  of  females  from  enteric  fever  is  greater 
than  that  of  males.  This  higher  death  rate  at  these 
ages  is  due,  not  to  a  greater  liability  on  their  part  to 
contract  the  disease,  but  to  a  higher  case  mortality,  i.e., 
a  larger  proportion  of  attacks  proving  fatal. 

During  the  period  1871-80  the  mortality  from  enteric 
fever  in  England  and  Wales  was  at  the  rate  of  0-32  per 
1,000  living  at  all  ages;  but  the  death  rate  from  this 
disease  has  undergone  for  a  long  period,  and  is  still 
undergoing,  a  steady  and  sensible  diminution  year  by 
year.  In  1869  (the  first  year  in  which  enteric  fever 
returns,  as  separate  from  "  fever,"  are  obtainable)  the 
death  rate  was  0*39  per  1,000,  whilst  io  1890  the  death 
rate  was  only  0*18  per  1,000,  a  reduction  of  more  than 
half.  The  average  death  rute  for  the  ten  years  1881-90 
was  0-2  per  1,000.  This  result  may  be  attributed  to  the 
improvements  in  water  supply,  sewerage,  and  domestic 
sanitary  arrangements,  throughout  the  country  generally, 
that  have  been  so  marked  a  feature  in  the  social  progress 
of  the  latter  half  of  the  nineteenth  century. 

The  proportion  of  deaths  to  attacks  in  enteric  fcverl 
cannot  be  accurately  stated,  owing  to  the  number   06 
mild  cases  that  escape  recognition.     In    typical   cased 
the  mortality  varies  from    15   to   25   per   tent,   of   thj^ 
attacks.     The   average   mortality  of  cases   notified 
London  (average  of   1890-9)  is  18-3  per  cent.     In  c^r 
life  the  type  of  the  disease  is  less  severe  than  in  adolc 
ceiice  adA  adult  age. 
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Enteric  fever  is  most  prevalent,  and  causes  the  largest 
number  of  deaths,  in  the  late  autumn.  The  seasonal 
mortality  curve  (see  fig.  86)  is  seen  to  rise  in  August, 
and  attain  its  maximum  late  in  October  or  early  in 
November,  from  which  point  it  gradually  fails.  In  our 
large  towns  a  hot  and  dry  summer  often  tends  to  aggra- 
vate the  intensity  of  the  autunmal  rise  ;  and  this  fact, 
together  with  its  special  seasonal  prevalence,  appears  to 
point  to  a  high  temperature  being  necessary  for  the 
proper  development  of  the  specific  poison  in  polluted 
soils,  &c.,  and  for  the  attainment  of  its  greatest  degree 
of  virulence.  It  must  he  remembered  that  the  earth  at 
a  few  feet  from  the  surface  heats  much  less  rapidly  than 
the  air,  and  that  the  highest  annual  temperature  in  the 
soil  is  not  attained  until  late  in  the  sununer  or  early  in 
autumn. 

It  is  now  established  that  the  infection  of  enteric 
fever  may  be  conveyed  in  shell  fish,  more  especially  in 
oysters,  mussels,  and  cockles,  which  are  collected  from 
tidal  waters  where  the  water  is  liable  to  considerable 
pollution  from  sewage  ;  and  it  has  been  shown  that  the 
specific  bacilli  of  enteric  fever  and  of  cholera  arc  capable 
of  existing  in  sea  water  for  several  weeks.  Legislative 
measures  are  therefore  required  in  the  interest  of  public 
health  to  prohibit  the  laying  down  of  oysters  in  danger- 
ous localities;  and  to  that  end  all  oyster  layings,  fatten- 
ing beds,  and  storage  poiuls  should  be  made  registrable 
after  approval  by  the  sanitary  authority,  and  also  sub- 
ject to  fre(juent  inspection.  Section  4  of  the  Infectious 
Diseases  (Prevention)  Act,  iSyo,  which  enables  autho- 
rities to  prohibit  the  supply  of  milk  which  is  causing,  or 
is  likely  to  cause,  disease,  might  also,  with  modifications, 
be  made  to  apply  to  oysters  and  other  shell  fish.  The 
public  should,  moreover,  be  guarded  against  the  impor- 
tation of  infected  oysters  from  abroad. 
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In  the  later  stages  of  the  disease  the  typhoid  bacillus 
may  be  present  in  largo  numbers  in  tlie  patient's  urine, 
and  persist  for  several  months  in  this  secretion  ;  and 
this  fact  shows  the  necessity  of  invariably  treating  the 
urine  with  the  same  precautions  as  the  faeces.  Urotro- 
pine  is  a  specific  of  the  greatest  value  in  the  treatment 
of  enteric  bacilluria. 

There  are  good  grounds  for  belief  that  "the  virulence, 
and  even  the  specific  quality,  of  an  organism  may  be  a 
matter  of  progressive  development  according  to  soil  and 
surroundings "  (Thorne  Thorne).  Support  is  given  to 
this  theory  by  the  behaviour  of  diphtheria,  enteric  fever, 
and  cholera,  in  some  of  their  epidemic  manifestations  : 
and  it  is  noteworthy  that  in  enteric  fever  and  in  cholera 
an  outbreak  is  often  preceded  by  cases  of  "  diarrhtea," 
which  may  be  instances  of  the  nuld  or  "  ambulatory  " 
type  of  the  disease. 

In  hot  countries,  where  flies  abound  in  enormous 
numbers,  it  is  probable  that  enteric  fever  is  very  fre- 
quently transmitted  through  their  agency,  the  flies 
directly  conveying  the  contagion  on  their  legs  from 
infected  excreta  to  some  article  of  food. 

It  is  the  experience  of  numerous  localities  that  enteric 
fever  may  be  endemic  notwithstanding  a  water  supply 
of  undoubted  purity.  In  these  localities — generally 
poor  and  crowded — there  are  sanitary  circumstances 
which  generally  conduce  to  soil  p>ollution,  such  as  de- 
fective house  and  yard  drainage  and  sewerage,  unpaved 
or  badly  paved  yards  around  houses,  allowing  refuse  to 
pollute  the  soil,  and,  above  all,  defective  privy  middens 
containing  considerable  accumulations  of  excreta,  much 
of  the  licjuid  part  of  which  finds  its  way  into  the  soil. 
Many  observers  have  ascertained  that  the  incidence  of 
the  disease  is  always  heavier  on  houses  with  dry  closets 
than   on    those    with   water-closets ;    and,    among    the 
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former,  those  with  middens  are  more  frequently  infected 
than  those  witli  pails,  the  difference  being  more  marked 
the  poorer  the  class  of  houses  (Boobyer).  The  explana- 
tion of  these  circumstances  is  found  in  the  now  estab- 
lished fact  that  the  Bacillus  typhosus  will  remain  alive  in 
soil  containing  organic  matter  for  many  months  ;  and 
when  the  conditions  of  soil  temperature  and  surface 
moisture  are  favourable,  there  is  a  marked  multiplica- 
tion of  the  bacillus,  under  favourable  circumstances  the 
growths  surviving,  even  from  one  summer  to  another. 
These  facts  have  been  recently  proved  by  the  experi- 
mentsof  Sidney  Martin  and  John  Robertson.  From  recent 
researches  S.  Martin  has  come  to  the  conclusion  that 
"  certain  soils,  especially  garden  soils,  are  favourable, 
when  sterilised,  to  the  growth  of  the  typhoid  bacillus, 
but  that  in  virgin  uncultivated  soil,  it  rapidly  dies." 

That  the  disease  is  frequently,  communicated  by 
personal  intercourse  is  rep>eatedly  demonstrated  by  its 
spread  to  those  in  attendance  on  a  patient  in  dwelling- 
houses,  and  even  in  hospitals. 

Insects  {flies)  and  vermin  (rats)  may  be  carriers  of 
contagion  from  enteric  excreta  to  food  or  drink  intended 
for  human  consumption. 

The  numerous  outbreaks  (Caterham,  Middleshro', 
Tees  Valley,  Worthing,  and  Maidstone)  in  which  the 
disease  has  been  shown  to  be  conveyed  through  the 
luedintii  of  drinking  water,  point  to  the  necessity  of 
exercising  a  constant  supervision  and  sanitary  control 
over  all  sources  of  drinking  water,  both  by  tlie  estab- 
lishment of  protected  areas  upon  the  sites  from  which 
water  is  collected  for  drinking  purposes,  and  also  by 
systematically  ascertaining  the  degree  of  purity  of  the 
water  by  means  of  repeated  chemical  and  biological 
examinations. 

Pettenkofer  has  shown  that  in   Munich  there  was  a 
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remarkable    correspondence    between    the   rise    of    the 

■  subsoil  water  and  the  decline  in  the  prevalence  of 
enteric  fever,  and  vice  versa.  He  does  not  profess  to 
explain  this  relationship,  but  demonstrates  that  the 
movements  of  the  ground  water  were  an  invariable  index 
to  the  extent  of  enteric  fever  incidence  in  Munich. 

The  serum  diagnosis  of  enteric  fever  (W idal)  is  an 
important  means  of  aiding  the  clinical  diagnosis  of  the 
disease ;  and  since  it  is  in  the  public  interest  that  the 
diagnosis  should  be  prompt  and  certain,  in  the  case  of 
a  disease  which  so  olten  has  a  masked  and  insidious 
onset,  many  sanitary  authorities  now  provide  medical 
practitioners  with  a  so-called  "  diagnosis  outfit,"  con- 
taining a  small  capillary  tube  for  collecting  and  sealing 
H  up  some  of  the  blood  of  a  suspected  patient.  The 
™  blood  is  returned  to  the  local  offices,  where  arrange- 
ments are  made  for  testing  it  at  the  public  expense. 
The  diagnosis  outfit  also  comprises  a  sterilised  swab 
in  a  tube  for  collecting  suspected  exudation  or  mem- 
brane from  the  throats  of  patients  thought  to  be  suffer- 
ing from  diphtheria.  Similar  provisions  have  also  been 
•  made  in  some  districts  for  enabling  medical  practi- 
tioners to  avail  themselves  of  the  bacteriological  dia- 
gnosis of  tuberculous  sputum.  Such  diagnoses  add 
definiteness  to  administrative  procedure,  qua  isolation, 
■disinfection,  and  the  admission  of  patients  to  hospital 
wards. 

The  evidence  so  far  recorded  of  Widal's  test  estali- 
lishes  the  fact  that  the  reaction  of  the  blood  on  the 

IJianlli  typhosus,  causing  a  cliaracteristic  clumping  of  the 
latter,  and  a  total  aricst  of  inutiun  within  a  definite 
time  limit,  may  be  delayed,  or  occasionally  may  not  be 
obtained,  in  cases  of  genuine  typhoid  infection  :  and 
also  that  it  may  in  some  instances  occur  in  non-typhoid 
cases,  though  not  in   an   intense  degree,  nor  if  high 
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dilution  of  the  serum  be  used.  The  average  of  suc- 
cessful diagnoses  approximates,  however,  to  95  per 
cent. 

In  carrying  out  this  method  of  diagnosis,  all  that  is 
necessary  is  to  collect  a  small  quantity  of  blood  from 
the  finger  or  ear  of  the  patient  in  a  capillary  tube,  allow 
it  to  clot,  transfer  the  serum  to  a  "  sedimentation  "  tube 
in  which  it  is  mixed  with  varying  quantities  of  an  emul- 
sion of  the  specific  bacteria,  and  watch  the  result  as 
to  agglutination  and  immobilization  of  the  bacteria 
(Wright).  The  serum  reaction  is  very  frequently  per- 
formed by  diluting  the  serum  25,  50,  or  100  times  with 
a  typhoid  broth  or  emulsion,  and  making  "  hanging- 
drop"  preparations  of  the  different  dilutions,  which  are 
examined  under  the  microscope  for  signs  of  clumping 
and  loss  of  motility  in  the  bacilli.  A  time  limit  of  half 
to  one  hour  is  given  by  most  bacteriologists. 


Dysentery  and  Diarrltara. 

Diarrhoea  is,  of  course,  merely  a  symptom  of  very 
many  diseases.  But  in  tbe  sense  here  understood  it 
means  those  acute  specific  attacks  of  illness  of  whicit 
the  diarrhoea  is  the  most  prominent  symptom,  which 
occur  so  generally  in  persons  of  all  ages,  but  more 
especially  in  infants  and  young  children,  towards  the 
middle  or  close  of  a  hot  dry  summer.  The  death  rate 
from  diarrhoeal  complaints  remains  remarkably  constant 
through  the  winter  and  spring,  but  with  the  onset  of  hot 
summer  weather  in  many  large  towns  an  extensive 
outbreak  occurs,  the  chief  incidence  of  which  falls 
upon  those  at  the  two  extremes  of  life,  or  who  are 
enfeebled  in  health.  The  diarrhcea  is  in  many  cases 
of  a  choleraic  nature,  accompanied  by  cramps,  spasms, 
and  signs  of  collapse,  and  appears  to  be  due  to  con- 


HYGIENE    AND    PUBLIC   HEALTH 


sumption  of  tainted  food,  or  of  impure  water,  or  to  the 

fc  breathing  of  fouled    air.      The    putrefactive    changes 

"  which  occur  in  food  and  fouled  water  or  soil   are  all 

more  rapid  and  intense  under  the  influence  of  a  high 

temperature  ;  and  it  is  quite  reasonable  to  believe  that 

tmany  of  these  diarrhceal  attacks  are  due  to  the  action 
of  the  bacterial  agents  of  putrefaction,  or  of  their  pro- 
ducts, when  taken  into  the  system. 

In  some  of  these  cases  of  so-caJled  "  ptomaine  "  poi- 
soning, the  B.  enUrilidis  of  Gaertner  has  been  found, 
whilst  other  cases  of  epidemic  diarrhcea  are  associated 
with  the  B.  enteriiidis  sporogenes — a  sporing  anaerobic 
organism  first  isolated  by  Klein  from  milk  sold  in  small 
retail  shops,  and  since  found  in  sewage,  in  water  pol- 
luted by  sewage,  in  the  excreta  of  patients  suffering 
from  diarrhoea,  in  horse  dung,  and  in  various  articles  of 
food. 

Many  different  terms  are  employed  to  designate  the 
■  disease  officially  known  as  "  epidemic  diarrhcea,"  and 
this  fact  leads  to  great  difficulties  in  classifying  death 
returns.  The  terms  employed  include  diarrhoea,  epi- 
demic diarrhoea,  dysentery  and  dysenteric  diarrhcea, 
intestinal  (or  enteric)  catarrh,  gastro-intestinal  (or  gastro- 
enteric) catarrh,  gastro-enteritis,  muco-cnteritis,  and 
(gastric  catarrh.  This  confusion  of  terms  leads  to 
tnuch  discrepancy  in  the  classification  of  death  returns 
amongst  different  medical  officers  of  health ;  and  early 
in  tcjoo  the  Royal  College  of  Physicians  authorized  the 

tusc  of  the  term  "  epidemic  enteritis  "  or,  if  preferreil  by 
the  practitioner,  "  rymotic  enteritis,"  as  a  synonym  for 
epidemic  diarrho-a,  and  recommended  the  entire  disuse 
of  the  other  terms  mentioned  above. 

Dysentery  arises  in  a  very  similar  way,  and  is  pro- 

bably  merely  an  accentuated  form  of  the  disease  with 

a  tendency  to  become  chronic,  incidental  to  a  tropical 
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climate.  The  effect  of  chilling  of  the  body,  on  which  so 
much  stress  has  been  laid,  is  probably  to  increase  the 
susceptibility  of  the  system  to  the  poison.  It  may  be 
that  chilling  sets  up  a  slight  enteritis,  whereby  the 
normal  resisting  power  of  the  lymphoid  tissue  in  the 
bowel  wall  is  lowered,  so  that  tiie  organisms  present  in 
the  bowel  are  enabled  to  get  a  foothold  and  multiply  in 
the  intestinal  walls.  Attacks  of  dysenteric  diarrhcea, 
with  discharges  of  blood  and  mucus  per  tectum,  are 
occasionally  associated  with  outbreaks  of  diarrhcea  in 
this  country  and  are  not  uncommon  amongst  the  inmates 
of  lunatic  asylums.  It  is  then  known  as  "colitis"  and 
is  probably  communicable  from  the  sick  to  the  healthy 
(Mott  and  Durham). 

Although  it  is  unquestionable  that  dysentery  and  acute 
diarrhcea  in  the  vast  majority  of  cases  appear  to  arise 
de  novo,  (independently  of  the  contagion  of  a  previous 
case),  yet  it  is  also  certain  that  the  diarrhtjeal  evacua- 
tions help  to  spread  the  disease  in  certain  instances.  It 
is  probable  that  the  infection  is  carried  in  water,  because 
boiling  the  drinking  water  often  stops  an  epidemic. 

A  bacillus  has  been  isolated  by  Flexner,  Kruse,  and 
others  in  acute  cases  of  dysentery,  allied  to  the  Bacillus 
coli  comnmnis ;  whilst  in  chronic  cases  of  dysentery,  an 
amteba  (dysenteriai)  is  frequently  present  in  the  stools 
and  intestinal  contents. 

Some  years  ago,  Dr.  Hope  of  Liverpool  conducted  an 
inquiry  in  order  to  determine  the  relative  mortality  from 
diarrhcea  among  infants  of  artisan  parents  classified  as 
follows  :  First,  the  entirely  breast  fed  ;  secondly,  those 
fed  partly  on  breast  milk  and  partly  on  artificial  food ; 
and,  thirdly,  the  entirely  artificially  fed.  He  found  that 
for  every  death  from  diarrhoea  which  occurred  among 
breast  fed  infants  under  3  months  old,  15  occurred 
among  those  of  the   mixed  class,  and  that  for  every 
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death  from  the  same  cause  among  the  breast  fed  and 
mixed  class  combined,  22  occurred  among  the  entirely 
artificially  fed. 

From  the  seasonal  curve  for  diarrhuea  it  appears  that 
the  mortality  begins  to  increase  about  the  middle  of 
■June,  rises  rapidly  to  its  maximum  at  the  end  of  July 
or  early  in  August,  and  falls  somewhat  less  rapidly 
throughout  August,  September,  and  October.  The 
following  is  a  very  brief  epitome  of  Dr.  Ballard's 
observations: 

The  summer  rise  of  diarrhoea!  mortality  in  the  large 
towns  does  not  commence  until  the  mean  temperature 
recorded  by  the  earth  thermometer,  placed  4  feet  below 
the  surface,  has  attained  somewhere  about  56°  F. —  no 
matter  what  may  have  been  the  temperature  previously 
attained  by  the  atmosphere,  or  recorded  by  the  ifoot 
earth  thermometer.  The  maximum  diarrhcea  mortality 
of  the  year  is  usually  observed  in  the  week  when  the 

14-foot  earth  thermometer  attains  its  main  weekly  maxi- 
bnum.  The  diarrhoea  mortality  declines  with  the  4-foot 
earth  thermometer,  and  this  decline  takes  place  very 
Itiuch  more  slowly  than  that  of  the  atmospheric  lempera- 
lure  or  of  the  i-foot  earth  thermometer,  so  that  the 
mortality  from  epidemic  diarrhrea  may  continue  long 
,  after  the  air  temperature  has  fallen,  even  into  the  fourth 
|uarter  of  the  year. 

The  earth  temperature  at  a  depth  of  4  feet  is  valuable 

IS  a  measure  of  the  cumulative  effect  of  the  sun's  heat, 

be  variations  in  earth  thermometers  following  those  of 

thermoineler  above  ground  at   an  interval  of  about 

Ihrec  or  four  days.     On  an  average,  twenty-four  hours 

ire  required  for  the  sun's  heat  to  penetrate  to  a  depth  of 

I  foot,  the  actual  time  varying  somewhat  with  different 

soils. 

The  soils  most  favourable  to  a  high  diarrhoea  mor- 
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tality  are  those  of  sand,  gravel,  or  marl,  in  which  the 
constituent  particles  are  small  hut  freely  permeable  by 
air  and  water,  and  which  contain  organic  matters  of 
animal  origin  from  "  made  ground,"  from  manured  sur- 
faces, or  from  soakage  of  excretal  refuse  from  privies, 
cesspools,  and  sewers.  The  soil  must  be  moist,  but  the 
moisture  must  not  be  sufticient  to  preclude  the  free 
admission  of  air  between  the  interstices;  f.^'.,  soils  in 
which  the  subsoil  water  stands  sufficiently  near  tiie 
surface  to  maintain  by  capillary  attraction  the  dampness 
brought  about  by  previously  greater  nearness  of  the 
water  to  the  surface,  or  marly  soils  containing  clay 
sufficient  to  imprison  enough  of  the  water  saturating  it 
at  some  time  previously.  The  moisture  of  t!ie  soil  may 
arise  from  surface  water  sinking  into  the  earth  around 
houses,  as  well  as  from  the  subsoil  water  from  below. 

Other  factors  conducive  to  a  high  diarrh<i?a  mortality 
are  crowding  of  houses  on  space,  so  that  they  have 
deficient  light  and  external  ventilation,  the  building  of 
houses  back  to  back,  domestic  overcrowding,  darkness 
and  dirtiness  of  premises,  and  the  keeping  of  milk  and 
other  foods  in  underground  cellars  exposed  to  telluric 
emanations,  or  in  pantries  liable  to  tlie  entry  of  drain  or 
sewer  air. 

It  is  also  very  probable  that  milk  kept  in  open  jugs, 
&c.,  becomes  infected  with  the  Bacillus  enteritidis 
sporogenes  and  other  organisms,  through  the  agency  of 
dust  blown  into  it  containing  particles  of  horse  excreta 
from  the  streets,  which  often  contain  large  numbers  of 
the  bacillus  or  its  spores. 

As  previously  stated,  the  disease  is  mainly  one  of  early 
childhood  (0-5  years),  over  80  per  cent,  of  the  mortality 
occurring  under  two  years  of  age ;  but  its  incidence  is  by 
far  the  greatest  on  hand  fed  infants,  hence  female  factory 
labour,  by  depriving  infants  of  their  natural  food,  is  a 
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contributing  cause.  The  attacks  are  usually  extremely 
sudden  in  their  onset ;  and  that  diarrhcca  is  merely  one 
symptom  or  feature  of  the  illness  is  shown  by  the  fact 
thai  many  of  the  organs  of  those  who  have  succumbed 
are  found  to  be  highly  degenerated,  more  especially  the 
B  kidneys,  the  liver  (fatty  degeneration),  and  the  spleen. 
The  lungs,  too,  are  often  the  seat  of  pneumonic  inflam- 

•  mation. 
The  following  provisional   explanation  of  the  occur- 
rence of  epidemic  diarrhoea  is  offered  by  Dr.  Ballard  : — 
"  That  the  essential  cause  of  diarrhuea  resides  ordin- 
arily in  the  superficial  layers  of  the  earth,  where  it  is 
intmiately  associated  with  the  life   processes  of  some 
micro-organism,  not  yet  detected,  captured,  or  isolated. 
H      "  That  the  vital  manifestions  of  such  organism  are 
"^  dependent,   among    other    things,    perhaps    principally 
up>on   conditions   of    season,    and    on    the   presence   of 
dead  organic  matter,  which  is  its  pabulum. 

"  That,  on  occasion,  such  micro-organism  is  capable 
of  getting  abroad  from  its  primary  habitat,  the  earth, 
nd,  having  become  air-borne,  obtains  opportunity  for 
fastening  on  non-living  organic  material,  and  of  using 
such  organic  material  both  as  nidus  and  as  pabulum  in 
undergoing  various  phases  in  its  life-history. 

That  in  food,  inside  of  as  well  as  outside  of  the 
uman  body,  such  micro-organism  finds,  especially  at 
certain  seasons,  nidus  and  pabulum  convenient  for  its 
development,  multiplication,  or  evolution. 

"  That  from  food,  as  also  from  the  contained  organic 
atter  of  particular  soils,  such  micro-organisms  can 
anufacture  by  the  chemical  changes  wrought  therein 
through  certain  of  their  life  processes,  a  substance  which 
a  virulent  cltfmiatl  poison. 

"  That  this  chemical  substance  is,  in  the  human  body, 
\e  malenal  cause  oi  epidemic  diarrhoea." 
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Dr.  Newsholme's  researches  point  to  the  following 
circumstances  as  determining  the  incidence  of  diarrhoea : 
(i)  Towns  with  water-carriage  sewerage  have,  as  a  rule, 
less  diarrhoea  than  those  practising  other  methods  of 
removal.  (2)  Towns  with  the  most  perfect  scavenging 
arrangements  have  least.  (3)  Towns  having  the  lowest 
diarrh<jeal  mortalities  are  situated  on  impervious  soils, 
though  the  converse  scarcely  holds  good  ;  and  steep 
gradients  favour  a  low  diarrhoea!  rate.  (4)  Given  two 
towns,  alike  in  sanitary  and  social  circumstances,  the 
rate  is  proportionate  to  the  height  of  the  temperature  and 
the  deficiency  of  rainfall,  more  particularly  during  the 
third  quarter.  (5)  There  is  a  general  inverse  relationship 
between  rainfall  and  diarrhoea,  and  a  direct  relationship 
between  temperature  and  diarrhtea,  (6)  The  soil  is 
a  great  factor  in  the  causation  of  diarrhoea,  but  its 
influence  may  be  largely  discounted  by  impervious  pav- 
ing in  streets  and  yards  and  impervious  flooring  to 
houses.  (7)  The  incidence  of  diarrhoea  follows  more 
closely  the  want  of  rainfall  than  the  mean  temperature 
of  the  air ;  and  the  efficient  washing  of  streets,  swilling  of  j 
yards,  and  flushing  of  sewers  reduces  it.  (8)  The  dis- 
ease increases  largely  in  prevalence  when  the  4-foot 
earth  thermometer  reaches  56'  F.,  or  when  the  mean 
weekly  temperature  of  the  air  rises  to  about  63"  F. 

I-'revcntive  measures  are  mainly  designed  to  prevent 
the  pollution  of  the  air  and  soil  in  and  around  houses,  to 
encourage  the  practice  of  habits  of  domestic  cleanliness, 
and  the  protection  of  food  from  all  sources  of  pollution. 
More  especially  during  the  summer  months  should  all 
milk  be  boiled  shortly  before  use,  and  the  feeding  bottles 
for  infants  should  be  kept  scrupulously  clean.  All  foods 
should  be  stored  in  a  light  airy  place  and  carefully 
protected  from  dust ;  fruit  and  vegetables  should  be 
thoroughly  cleaned  before  consumption  ;  and  no  tainted 
food  ur  unripe  or  overripe  fruit  should  be  eaVeiQ. 
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During  the  decennium  1881-90,  the  death  rate  ia 
England  and  Wales  from  diarrhceal  disease  was  067 
per  1,000  living  at  all  ages.  Under  five  years  of  age, 
the  death  rate  was  4*3  per  1000;  and  although  this 
high  rate  is  largely  contributed  to  by  the  improper 
nourishment  and  feeding  of  infants,  there  can  be  no 
doubt  that  insanitary  conditions,  of  the  kinds  named 
above,  play  a  large  part  in  its  production.  For  the  leu 
years,  1871 -So,  the  death  rate  in  England  and  Wales  from 
diarrhoeal  diseases  was  093  per  1,000  living  at  all  ages. 

Tuberculosis. 

Tuberculosis  is  a  disease  to  which  all  warm-blooded 
animals  appear  to  be  susceptible.      The  degree  of  sus- 
ceptibility varies  considerably  amongst  different  races 
of  men,  and  aniongst  individuals  of  the  same  race.    The 
offspring  of  phthisical   parents  are  possibly  born  witbj 
a  certain  degree  of  susceptibility  of  tissue  to  attack  b; 
tubercle.      It    is  for  this  reason   that   the  disease  wai 
believed  to  be  hereditarily  transmissible.     If,  however, 
the  disease  is  congenital  at   all — 1'.*.,  directly  transmis- 
sible from  parent  to  chdd — it  can  only  be  so  to  a  very' 
trifling  extent.     Bang  has  shown  that  when  the  calves 
of  tuberculous  cows  are  separated  from  their  mothers 
and    placed    under    hygienic    conditions,    they   do   not 
develop  tubercle  in  any  greater  det(rec  than  the  calvefl, 
from  healthy  parents.     Me  found  that  tubercular  lesions 
at  birth  are  extremely  rare,  and  when  present  are  due  to 
infection  through  the  placental  circulation.      Investiga 
tions  by  Del6pine.  Holtz,  &c.,  show  no  observed  tuber 
culosis  in  the  first,  second,  and  third  weeks  of  life  ;  and 
Koch   has  found    that   guinea    pigs   remain   healthy  if 
reared  apart  from  tuberculous  parents. 
The  liegistrar  General  includes  in  the  term   tuber- 
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culosis,  "  phthisis,"  "  tabes  mesenterica,"  "  tubercular 
meningitis,"  and  "other  forms  of  tubercular  disease  and 
scrofula." 

If  the  vital  statistics  of  tuberculosis  in  this  country 
during  the  last  half  century  are  studied,  it  is  found  that — 

1.  There  has  been  a  marked  and  progressive  reduction 
in  the  death  rate,  and  that  the  retiuction  is  most  marked 
during  the  10-35  years  age  period. 

2.  There  has  been  a  still  greater  reduction  in  the 
death  rate  from  pulmonary  tuberculosis  or  phthisis,  this 
reduction  having  been  most  marked  at  the  several  age 
periods  ranging  from  infancy  up  to  thirty-five  years. 

3.  There  has  been  a  large  increase  in  the  death  rate 
from  tabes  mesenterica  under  one  year  of  age,  and  the 
reduced  mortality  for  the  0-5  years  age  period  has  been 
insignificant.  This  fact  seems  to  point  to  the  disease 
being  maintained  among  infants  through  the  agency  of 
infected  milk,  but  some  of  the  increase  may  be  due  to  a 
more  extended  use  of  the  term  "  tabes  mesenterica  "  in 
the  registration  of  infantile  deaths. 

The  principal  predisposing  causes  of  the  disease 
are: — Foul  air;  dusty  occupations;  dampness  of  site 
and  of  premises;  dirtiness  and  darkness  of  dwellings  ; 
poverty,  with  its  attendant  insufficiency  of  food  and 
liability  to  exposure  ;  and  alcoholism.  Tissue  injuries 
and  malformations  of  the  chest  are  less  prominent  pre- 
disposing causes.  The  part  which  "  overcrowding  " 
(foul  air)  plays  in  promoting  the  prevalence  of  phthisis 
is  well  shown  by  Dr.  Tatham's  investigations  at  Salford. 
Thus,  in  districts  where  all  the  houses  were  built  on  the 
vicious  system  known  as  "  back  to  back,"  the  phthisis 
death  rate  was  5"2  per  1,000  living  ;  where  56  per  cent, 
of  the  houses  were  so  built,  the  rate  was  3-6 ;  where 
23  per  cent,  only  were  so  constructed,  it  was  further 
reduced  to  33  ;   and,  lastly,  where  there  were  no  "  back 
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to  back  "  houses — tliat  is  to  say,  where  all  the  houses 
were  provided  with  some  means  of  light  and  air  both  in 
front  and  to  the  rear — the  rate  was  only  2-8  pet  1,000. 
These  results  are  all  the  more  remarkable  because,  with 
the  exception  of  the  means  for  through  ventilation,  the 
back  to  back  houses  on  the  whole  were,  in  Dr.  Tatham's 
opinion,  in  better  sanitary  condition  than  the  other 
houses. 

Dr.  Buchanan,  in  his  well  known  report  (Ninth  Report 
of  the  Medical  Officer  of  the  Privy  Council)  has  shown 
that  the  effect  of  drying  the  soil,  in  the  case  of  towns 
where  the  level  of  the  subsoil  water  was  previously 
high,  was  to  greatly  diminish  (by  ^  to  \)  the  death  rate 
from  phthisis.  The  connection  between  phthisis  and 
moisture  in  the  soil,  which  had  been  previously  pointed 
out  by  Dr.  Uowditch  of  Massachusetts,  was  thus  con- 
firmed by  Dr.  Buchanan  ;  and  this  discovery  is  one  of 
the  most  interesting  and  most  important,  in  its  bearing 
on  the  public  health,  in  the  whole  range  of  sanitary 
science. 

The  maUries  morbi,  the  bacillus  of  tubercle,  is  contained 
in  the  expectoration  of  phthisical  persons.  When  this 
is  allowed  to  dry  and  mingle  with  the  dust  of  rooms  and 
streets,  the  bacillus  may  be  inhaled  by  others,  and  so 
infect  them.  Dujardin-Beaumetz  gives  a  striking  his- 
tory of  eleven  out  of  twenty-three  clerks  in  an  office 
being  attacked  during  the  course  of  twelve  years,  as  the 
result  of  the  introduction  of  the  disease  by  the  first 
sufferer.  The  floor  of  the  office  was  rough,  no  spittoons 
were  provided,  and  the  air  was  dust  laden  from  recent 
sweeping  when  the  men  arrived  in  the  morning.  The 
floor  was  planed  and  beeswaxed,  expectoration  was  pro- 
hibited except  into  the  spittoons  which  were  supplied, 
and  the  cleansing  done  overnight,  as  far  as  possible, 
\pritb  damp  cloths,  with  the  result  that  no  further  cases 
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In  other  forms  of  tuberculosis  the  infection  may  be 
swallowed,  or  directly  inoculated  from  discharges.  As 
has  been  already  stated,  milch  cows  are  particularly 
susceptible  to  tuberculosis,  and  in  advanced  cases  of 
the  disease  their  milk  may  contain  the  bacillus,  human 
beings  being  thereby  infected.  The  flesh  of  bovines, 
when  eaten  in  a  partially  cooked  condition,  may  also  be 
capable  of  conveying  the  disease. 

Dr.  Koch  has  recently  maintained  that  human  tuber- 
culosis diflTers  from  bovine  tuberculosis,  and  cannot  be 
transmitted  to  cattle  ;  and  he  further  holds  that  bovine 
tuberculosis  is  scarcely,  if  at  all,  transmissible  to  man. 
The  former  conclusion  is  based  on  experiments,  in 
which  he  failed  to  infect  19  young  cattle,  and  subse- 
quently asses,  sheep,  and  goats  with  human  tubercle 
bacilli,  but  he  invariably  succeeded  when  he  used 
tubercle  bacilli  of  bovine  source.  The  second  conclu- 
sion is  based  upon  the  contention  that  if  meat  and  milk 
introduce  the  infection  into  man,  there  must  he  in  the 
latter  primary  tubercular  lesions  in  the  intestines,  and 
these  are  believed  to  be  rare. 

Dr.  Koch's  views  have  not  met  with  much  support 
from  other  authorities,  but  owing  to  his  great  position 
as  a  bacteriologist,  the  English  Government  has  con- 
sidered it  desirable  to  refer  the  whole  question  to  a 
Royal  Commission. 

Under  the  term  "  pseudo-tuberculosis"  a  whole  series 
of  lesions,  similar  to  those  induced  by  the  Bacillus  tuber- 
culosis, is  included.  This  condition,  which  is  rare  in 
man,  is  mostly  caused  by  some  aspergillus  or  strepto- 
tfarix,  and  more  rarely  by  nematodes;  but  in  either  case 
gray  nodules  and  caseating  tubercles  present  appear- 
ances very  liable  to  be  mistaken  for  tuberculosis,  both  in 
quadrupeds  and  birds.  A  Bacillus  pseudo-tuberculosis  was 
isolated  by  P/eiffer  from  some  of  these  cases,  B^vid  Tcvote. 
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recently  Klein  has  found  the  same  bacillus  in  water, 
milk,  sewage,  and  sewage  effluents  (Report  of  Local 
Government  Board,  1900).  It  is  pathogenic  for  animals, 
produces  lesions  like  the  Bacillus  tuberculosis,  but  no 
giant  cells  are  found  in  them.  Animals  are  killed  by 
it  sooner  than  by  the  tubercle  bacillus.  The  disease 
known  as  actinomycosis  is  often  mistaken  for  tubercu- 
losis, and  vice  versa. 

The  preventive  measures  which  may  be  taken  to 
reduce  tuberculosis  may  be  summarized  as — 

1.  The  compulsory  notification  of  phthisis.* 

2.  The  removal  of  those  conditions  of  domicile  and  of 
occupation  which  are  known  to  promote  the  incidence 
of  the  disease,  including  the  regulation  of  certain  dusty 
trades. 

3.  The  diffusion  of  knowledge  (by  medical  men, 
leaflets,  &c.)  regarding  the  nature  and  modes  of  spread 
of  the  disease,  and  the  precautions  which  should  be 
taken  in  order  to  prevent  its  extension. 

4.  The  testing  of  sputum  and  other  suspected  dis- 
charges, and  of  milk,  meat,  &c.,  supposed  to  be  tuber- 
culous— reports  to  be  furnished  free  of  charge. 

5.  Local  authorities  to  undertake,  without  charge,  the 
disinfection  of  houses  recently  occupied  by  phthisical 
persons. 

6.  The  establishment  of  sanatoria  and  isolation  accom- 
modation for  the  cure  of  phthisical  patients,  and  the 
isolation  of  those  who  are  a  distinct  source  of  danger  to 
fellow  lodgers  or  workers. 

7.  The  enforcement  of  measures  against  spitting  ia 
public  conveyances  and  in  places  of  public  resort. 

8.  The  efficient  sanitary  supervision  of  dairy  farms, 
dairies,  and  milkshops.     The  periodical  veterinary  in- 

*  Ii  n  generally  comtdcrcd  wine  to  prtcedc  ihi*  by  a  lenn  of 
voluntary  notification  of  the  dtsca**. 
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spection  and  testing  (by  tuberculin)  of  milch  cows,  and 
the  slaughter  of  tuberculous  animals.  The  prohibition 
of  the  sale  of  milk  of  cows  affected  with  tuberculosis. 

9.  The  proper  inspection  of  meat  in  public  abattoirs, 
and  the  adoption  of  due  precautions  for  the  control  of 
imported  meat  and  milk. 

There  is  at  present  a  considerable  divergence  of 
opinion  respecting  the  desirability  of  making  the  disease 
compulsorily  notifiable.  If  "  tuberculosis  "  were  made 
notifiable,  the  term  would  cover  an  enlarged  cervical 
gland,  white  swelling  of  joints,  and  hydrocephalus — 
conditions  which  are  in  no  sense  a  source  of  danger  to 
others — so  that  notification  would  have  to  be  restricted 
to  phthisis  or  "tuberculosis  with  discharges." 

It  will  be  convenient  to  group  the  main  arguments 
advanced  for  and  against  the  compulsory  notification  of 
phthisis. 

Those  who  favour  such  notification  urge  that  making 
the  disease  notifiable  would  educate  the  public  as  to  the 
seriousness  of  the  risks  of  its  spread ;  that  the  measure 
is  essential  in  order  to  obtain  knowledge  of  the  exact 
distribution  of  the  disease,  and  this  knowledge  is  a 
necessary  preliminary  to  the  discovery  and  removal  of 
all  of  those  conditions  which  promote  the  incidence  of 
the  disease;  that  upon  notification  the  case  could  be 
visited,  certain  precautions  (personal  to  the  patient) 
directed,  and  disinfection  carried  out ;  that  these  neces- 
sary measures  could  be  largely  left  to  the  medical 
attendant  and  the  patient ;  that  it  would  not  be  neces- 
sary to  deprive  the  patient  of  employment,  except  in 
advanced  cases,  and  where  this  is  found  to  be  unavoid- 
able it  is  better  that  one  should  suffer  than  the  many ; 
and,  furthermore,  success  is  claimed  for  the  system  of 
compulsory  notification  as  practised  in  parts  of  New 
York. 
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Those  opposed  to  such  notification  hold  that  the  long 
duration  of  the  disease  (averaging  three  years  in  cases 
ending  fatally,  and  so  unlike  tlie  acute  specific  diseases 
of  short  duration  now  notified),  would  cause  much  diffi- 
culty in  bringing  it  under  any  valuable  measure  of 
municipal  control ;  that  the  fact  of  making  it  notifiable 
and  classing  it  with  the  other  infectious  diseases  would 
cause  the  public  to  exaggerate  the  risks  of  infection,  and 
lead  to  social  ostracism  and  to  difficulties  in  the  way  of 
the  sufferers  gaining  a  livelihood  ;  that  the  conse(iuent 
desire  to  keep  the  existence  of  the  disease  a  secret, 
together  with  the  fact  that  the  condition  is  diagnosed 
with  difficulty,  and  often  only  at  the  later  stages,  would 
seriously  impair  the  value  of  notification  and  of  the  pre- 
ventive measures  which  should  follow  upon  it ;'  that  the 
health  officer  can  do  practically  nothing  to  insure  the 
adoption  of  efficient  precautions — which  must  be  taken 
by  the  sufTerer ;  that  a  serious  effort  to  insure  the 
adoption  of  the  necessary  precautions  would  necessitate 
frequent  inspections,  and  much  undesirable  friction  as 
the  result ;  that  the  notification  records  for  the  entire 
country  would  be  very  inexact,  for  phthisical  patients 
are  pre-eminently  migratory,  either  from  choice  or  from 
necessity  (from  loss  of  work),  and  many  cases  would  l>c 
repeatedly  notified  in  different  districts;  that  there  has 
lieen  a  great  reduction  in  the  mortality  from  the  disease 
without  notification ;  and  that  our  knowledge  of  the 
causes  alTecting  the  prevalence  of  the  disease  is  sufficient 
to  enable  an  opinion  to  be  formed  as  to  where  it  prevails 
in  any  given  district,  without  notification. 

Many,  while  favouralile  to  the  compulsory  notification 
of  the  disease,  are  of  opinion  that  as  a  preliminary 
measure  some  hospital  isolation  provision  for  the  most 
advanced  and  dangerous  cases  should  be  provided,  and 
that  some  provision  should  also  be  made  for  hospital 
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treatment  of  the  early  stages  of  the  disease  in  necessi- 
tous patients,  and  for  those  who  would  suffer  loss  of 
employment  or  support  by  reason  of  their  isolation.  If 
such  municipal  sanatoria  arc  established,  a  considerable 
number  of  beds  will  be  necessary,  if  a  cure  is  always 
aimed  at,  because  of  the  prolonged  residence  of  each 
patient  in  the  hospital ;  but  great  good  would  accrue  if 
only  temporary  residence  were  afforded,  as  a  result  of 
the  education  and  training  which  the  patient  would 
receive.  In  Germany  sanatoria  for  the  poor  have  been 
established  by  municipalities,  by  benevolent  associations, 
and  by  insurance  companies;  and  France,  Norway,  and 
Russia  have  State  sanatoria  for  the  poor.  The  economic 
results  of  the  institution  of  the  sanatorium  system  by 
insurance  companies  in  Germany  have  fully  justified  the 
expense  involved. 

In  the  absence  of  State  insurance  of  the  working 
classes  in  this  country,  the  duty  of  founding  sanatoria 
for  the  poor  must  fall  on  the  municipalities  and  the 
Poor  Law  authorities. 


Epidemic  Influenza. 

Influenza  in  its  epidemic  form  is  an  infectious  disease, 
and  should  be  classed  with  specific  fevers.  Nothing 
very  definite  is  known  of  the  etiology  of  influenza,  and 
so  far  the  evidence  under  this  head  is  mostly  of  a 
negative  character.  For  instance,  it  does  not  appear  to 
show  a  preference  for  any  particular  localities,  nor  to 
follow  always  the  same  channels  of  communication,  and 
it  has  prevailed  independently  of  season,  climate,  and 
weather.  The  disease  does  not  seem  to  associate  itself 
especially  with  insanitary  surroundings,  and  the  inci- 
dence upon  the  poor  is  generally  lighter  than  upon  the 
better  class  of  the  population. 
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(5)  That,  as  a  general  rule,  in  each  country  it  has 
appeared  first  in  the  capital  or  ports  of  entry,  and  the 
towns  have  been  infected  earlier  than  qountry  places. 

(6)  That  neighbouring  communities  have  in  certain 
instances  been  affected  at  considerably  different  dates. 

The  sudden,  almost  simultaneous,  attacks  of  large 
numbers  of  people,  following  upon  the  appearance  of 
a  few  scattered  cases,  is  accounted  for  by  the  very 
general  susceptibility  to  the  disease,  and  its  short 
incubation  period  (forty-eight  hours  or  less). 

There  is  considerable  evidence  in  favour  of  the 
bacillus  of  Pfeiffer,  Kitasato,  and  Canon  being  the 
specific  organism  of  influenza,  it  being  found  in  almost 
pure  cultures  in  the  bronchial  secretions  of  influenza 
cases,  and  not  in  other  allied  diseases. 

As  regards  age  and  sex  incidence,  those  in  the  middle 
periods  of  life  (twenty  to  sixty  years)  are  most  attacked ; 
people  over  sixty  come  next,  and  children  least.  Males 
at  all  ages  are  more  liable  to  attack,  and  with  greater 
severity,  than  females.  All  depressing  influences,  chills, 
and  fatigue  are  said  to  favour  the  development  of  the 
disease ;  but  vigorous  health  is  no  preventative,  and  no 
guarantee  that  the  malady  will  assume  a  mild  type. 
The  incubation  period  is  usually  between  two  and  four 
days,  but  may  be  only  one  day,  or  may  extend  to  five. 
The  average  duration  of  an  attack  is  ten  days.  The 
duration  of  infectiveness  is  not  certainly  known,  but 
may  continue  into  the  stage  of  convalescence.  One 
attack  is  not  protective,  and  relapses  are  frequent. 

Three  types  of  the  disease  are  known,  in  which  the 
respiratory  organs,  the  alimentary  system,  and  the 
nervous  system  are  respectively  most  affected.  In 
different  epidemics  one  or  other  of  these  types  may 
prevail  more  extensively  than  the  others. 

During  an  epidemic  the  direct  mortality  from  influ- 
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disease,  the  sufferers  from  which  render  themselves 
liable  to  a  penalty,  if  found  exposing  themselves  in 
public  places.  An  effort,  however,  should  always  be 
made  to  promptly  isolate  the  first  case  occurring  in  a 
house  or  institution  and  to  carefully  disinfect  the  sputum  ; 
and  while  the  disease  is  prevalent  it  is  well  to  avoid 
exposure  to  cold  and  fatigue;  to  clothe  the  body  warmly; 
to  avoid  indulgence  in  excess  of  alcohol  ;  ;ind  to  avoid 
places  to  which  large  numbers  of  the  public  resort. 

Contagious  Ophthalmia. 

There  are  two  kinds  of  contagious  eye  disease :  the 
gray  granulations  {trachoma)  and  purulent  conjunc- 
tivitis ;  but  the  former  also  appears  to  predispose  the 
sufTcror  to  lake  the  latter.  These  diseases  are  not 
uncomnton  in  industrial  schools  and  barracks,  which 
are  badly  ventilated,  and  where  the  inmates  arc  not 
supplied  with  separate  basins  and  towels  for  ablution. 
They  are  chiefly  transmitted  from  the  sick  to  the 
healthy  by  inoculation  of  the  eyes  with  the  secretions 
and  discharges  left  on  linen  and  towels ;  but  it  is  also 
probal)le  that  the  contagion  is  carried  through  the  air 
in  dried  epithelial  or  pus  ceils. 

The  ophthalmia  caused  by  gonorrhoea!  infection  of 
the  eyes,  and  the  ophthalmia  neonatorum,  inoculated 
from  purulent  vaginal  discharge,  are  especially  virulent 
and  destructive  forms  of  eye  disease.  In  all  forms  of 
purulent  ophthalmia  a  pyogenic  micro-organism — the 
Staphylococcus  pyogenes  aureus  or  albus,  is  usually  the  active 
cause  of  the  disease. 


Plague. 

An  epidemic  disease  having  the  characters  of  bubonic 
plague  is  referred  to  by  many  old  writers,  as  far  back 
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tinuance  and  spread  of  the  disease  is  favoured  by  the 
presence  of  these  highly  susceptible  animals,  many  out- 
breaks have  been  attributed  to  infected  rats,  conveyed 
from  an  infected  to  a  non-infected  port,  in  grain-carrying 
ships.  It  is  probable  that  the  infection  is  conveyed 
from  rat  to  rat,  and  from  rats  to  human  beings  by 
means  of  fleas.  On  the  death  of  a  plague  stricken  rat, 
the  fleas — already  engorged  with  bacilli — leave  the 
body,  and  And  their  way  into  houses,  where  they  attack 
man,  inoculating  him  through  the  "  bites  " 

Direct  contagion  from  the  sick  to  the  healthy  appears 
to  be  a  minor  cause  of  spread,  Europeans  having  suffered 
but  very  little  while  in  attendance  on  Indian  patients. 
Like  typhus  fever,  plague  appears  to  be  associated  with 
conditions  of  poverty,  filth,  and  overcrowding,  and  more 
especially  with  soil  polluted  by  organic  matter.  It  has 
not  yet  been  demonstrated  that  drinking  water  has  acted 
as  a  disseminator  of  the  virus,  although  experiment 
shows  that  the  plague  organism  can  live  for  a  long  time 
in  water.  Fomites  retain  and  spread  the  infection. 
Although  rare  in  equatorial  regions,  it  occurs  in  hot  and 
cold  weather,  wet  and  dry  seasons,  on  dry  and  damp 
sites,  and  at  all  altitudes.  In  India  plague  generally 
decreases  during  the  hottest  weather,  and  recrudesces 
with  the  onset  of  the  colder  season. 

There  are  three  distinct  types  of  the  disease :  —  the 
bubonic,  the  pneumonic,  and  the  septicaemic ;  but  the 
first  named  is  so  much  more  common  than  the  others 
that  the  disease  is  very  generally  known  as  "  bubonic 
plague." 

The  incubation  period  of  bubonic  plague  varies  from 
two  to  seven  days;  and  generally  within  twenty-four 
hours,  or  less,  from  the  onset  of  symptoms  the  buboes 
appear  in  the  groin,  the  armpit,  the  region  of  the  neck, 
or  more  rarely  elsewhere.    Death  frequently  takes  place 
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further  measures  of  undoubted  value,  which  should  be 
practised  when  possible.  The  total  destruction  of  the 
rats  in  an  infected  area  is  eminently  desirable  to  check 
the  spread  of  the  disease,  but  the  due  execution  of  this 
precaution  has  hitherto  presented  insuperable  practical 
difficulties.  The  numbers  of  rats,  however,  may  be 
materially  reduced  by  trapping  or  poisoning,  or  by 
asphyxiating  them  in  their  hiding  places  with  sulphu- 
rous acid  gas,  and  their  dead  bodies  should  be  immedi- 
ately burned.  Efforts  not  yet  successful,  have  been 
made  to  communicate  an  epizootic  disease  to  rats  and 
mice  by  means  of  the  Danysz  bacilKis,  which,  while  not 
communicalile  to  man  would  spread  among  the  rodents 
and  cause  their  destruction. 

Merchant  vessels  should  take  the  necessary  steps  for 
the  destruction  of  rats  on  board  before  loading  and 
u[K)n  discharge,  and  also  to  prevent  intercommunication 
during  loading  and  discharge  between  ship  and  shore 
rats.  Further,  owners  of  riverside  warehouses  and 
granaries  should  make  systematic  efforts  to  exterminate 
rats;  should  use  cables  covered  with  fresh  tar  at  each  end 
and  fitted  with  special  conical  guarded  collars,  and  foot- 
bridges should  be  raised  during  tlie  night.     Fumigation 

capillary  tubes  as  in  the  case  of  blood.  When  this  discharge  is  not 
of  a  sufficiently  fluid  character  for  collection  in  this  way  place  some 
of  it  in  a  small  glass-stoppered  phial,  previously  well  washed  out 
with  alcnhol,  care  being  taken  that  no  alcohol  remain  in  the  phial. 

3.  II  expectoration  be  obtainable,  collect  some  in  a  phial  in  the 
manner  prebcribed  in  Section  2, 

(A)  From  the  dead  body  :— 

1.  Cut  out  any  inflamed  lymph  gland,  together  with  some  of  its 
Kurrouiidini;  lisiiue,  anil  place  the  whole  in  a  wide-mouthed  glass- 
stoppered  bottle,  previou.vIy  well  washed  out  with  alcohol,  care  being 
taken  that  no  alcohol  remains  in  the  bottle.  The  bottle  should  have 
the  stopper  well  secured  and  sealed. 

2.  Obtain  also  a  piece  of  the  spleen,  dealing  with   it   in  the  same 
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bottled.  The  usual  dose  for  inoculating  an  adult  is 
2  to  3  c.  c,  and  the  inoculation  should  be  repeated  in 
from  twelve  to  twenty  days.  A  good  deal  of  reaction 
results,  the  temperature  rising  to  102°  F.,  sometimes  to 
104°  F.,  with  a  feeling  of  general  malaise  and  pain  at 
the  seat  of  inoculation.  The  India  Plague  Commission 
has  recently  reported  that  inoculation  of  Haffkine's  fluid 
sensibly  diminishes  the  incidence  of  plague  attacks, 
and  also  the  fatality  of  attack  among  the  inoculated 
population. 

Yersin's  serum  is  prepared  in  the  same  way  as 
diphtheria  antitoxin,  by  inoculation  of  horses  with 
living  cultures  of  plague  bacilli.  The  immunity  given 
by  inoculation  of  Yersin's  serum  is  of  much  shorter 
duration  than  that  due  to  Haffkine's  prophylactic. 
Fifteen  days  is  about  the  limit  of  the  immune  period 
due  to  the  serum,  whereas  Haffkine's  fluid  may  be 
protective  for  several  months;  but  it  is  claimed  that 
Yersin's  serum  is  also  curative,  when  once  the  disease 
has  declared  itself. 

Malaria. 

It  has  now  been  demonstrated  (Ross,  Koch,  Celli) 
that  man  is  the  temporary  host,  and  the  mosquito  the 
definite  host,  of  all  known  malarial  parasites.  In  the 
absence  of  man,  however,  monkeys,  bats,  and  other 
vertebrates  may  harbour  the  parasite ;  and  Manson  also 
suggests  that  in  the  absence  of  vertebrates,  one  mosquito 
may  become  directly  infected  from  another,  and  so  keep 
the  parasite  alive.  These  parasites  pass  their  asexual 
life,  and  prepare  their  sexual  forms,  in  the  human  blood, 
while  they  complete  the  sexual  cycle  of  life  (that  by 
which  the  species  of  the  parasites  external  to  man  is 
assured)  in  the  middle  intestine  of  the  mosquito.    Those 
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liable  to  be  bitten  by  infected  mosquitoes,  and  therefore 
to  become  the  subject  of  contemporaneous  infection  by 
various  different  malarial  parasites.  He  should  also  be 
energetically  treated  with  tjuinine,  which  rapidly  destroys 
the  parasite  in  the  blood.  By  reason  also  of  the  sexually 
developed  parasites  in  his  own  blood,  he  is  a  possible 
source  of  infection  to  uninfected  mosquitoes,  and  conse- 
quently of  danger  to  man.  The  main  prophylactic 
measures,  however,  are  directed  towards  the  destruction 
of  the  larvse  in  the  water.  For  this  purpose  kerosene 
and  certain  aniline  dyes  appear  to  be  efficient,  if  rightly 
used.  The  kerosene  acts  mechanically  by  asphyxiating 
the  larvae  and  nymphae,  which  float  flat  on  the  surface 
of  the  water,  and  it  must  therefore  form  a  stratum, 
covering  the  whole  surface  of  the  water.  The  most 
suitable  time  for  destroying  the  larvae  is  the  winter  or 
the  beginning  of  the  spring,  when  they  are  fewest  in 
number  in  the  water,  and  the  new  generations  have  not 
yet  made  their  appearance.  Approximately  i  oz.  of  the 
oil  to  every  15  square  feet  of  surface  is  sufficient. 

Among  the  odours  which  are  obnoxious  to  the  perfect 
mosquito  are  turpentine,  menthol,  and  garlic ;  among  the 
fumes,  tobacco  and  simple  wood  smoke ;  among  the  gases, 
the  most  practical  and  efficacious  is  sulphurous  acid. 

An  effort  should  be  made  to  protect  the  body  against 
the  bites  of  all  proboscidian  insects,  especially  at  night, 
by  means  of  veils,  gloves,  and  mosquito  curtains,  and  by 
inunction  of  the  skin  with  oil  or  liniment  containing 
camphor  or  eucalyptol.  It  should  be  a  rule  not  to  go 
out  of  doors  after  sunset.  The  use  of  perfumed  soaps 
may  afford  some  protection  to  the  face  and  hands. 
Suitable  clothing  should  be  worn  to  protect  the  body 
from  chills.  Since  Anopheles  larvae  are  mostly  found 
in  stagnant  puddles  containing  algae,  all  such  pools  and 
puddles  should  be  filled  in,  drained,  or  otherwise  dealt 
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Infected  clothing  and  bedding  appear  to  play  a  small 
part,  if  any,  in  the  dissemination  of  the  disease. 


Varicella, 

Varicella,  or  chicken-pox,  is  often  mistaken  for  mild 
or  modified  attacks  of  small-pox,  but  the  two  diseases 
are  quite  distinct.  It  is  a  mild  disease,  but  rarely  fatal 
when  uncomplicated  with  other  disease,  and  its  attacks 
are  chiefly  confined  to  children.  The  incubation  period 
varies  from  thirteen  to  nineteen  days,  and  is  commonly 
about  fourteen  days.  The  infection  of  varicella  is  very 
active  from  the  first,  and  is  capable  of  remaining  active 
for  some  time  in  fomites.  The  patient  should  be  isolated 
until  the  last  scab  has  fallen  off. 


Mumps. 

Often  in  cold  and  wet  weather  an  epidemic  of  this 
disease  breaks  out,  the  infection  spreading  with  great 
rapidity,  but  giving  rise  to  little,  if  any,  mortality. 
Outbreaks  are  often  associated  with  an  epidemic  of 
measles.  Nothing  is  known  of  the  etiology  of  the 
disease,  but  it  is  probably  microbic  in  origin,  the 
organism  entering  the  gland  from  the  mouth  by  way 
of  Stenson's  duct.  One  attack  generally  confers  immu- 
nity from  others.  The  disease  attacks  chiefly  the  early 
age  periods  of  life,  and  the  incubation  period  varies 
from  fourteen  to  twenty-five  days.  The  swellings  of  the 
parotid  and  submaxillary  glands,  which  are  the  most 
prominent  symptoms,  generally  remain  for  about  a 
fortnight. 
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the  sick  and  the  healthy.  The  wives,  husbands,  or 
parents  of  leprous  patients,  who  have  elected  to  be 
segregated  with  them  on  the  Island  of  Molokai — one  of 
the  Hawaiian  group — do  not  appear  to  succumb  to  the 
disease  in  any  exceptional  proportion  as  compared  with 
the  general  population  of  the  islands.  Dr.  Ashburton 
Thompson's  recent  investigation  into  the  subject  sup- 
ports the  view  that  "  the  vast  majority  of  instances 
of  apparent  spread  of  leprosy  by  infection  are  spoilt  by 
having  been  observed  on  areas  of  recognized  endemicity, 

so  that  the  influence  of  locality  cannot  be  excluded 

It  appears  clear  that  leprosy  is  only  communicable  by 
the  sick,  if  at  all,  with  great  difficulty." 

Bert- Bert. 

Beri-beri  is  a  disease  of  wide  distribution.  It  is 
occasionally  to  be  seen  in  our  docks  amongst  the  crews 
of  ships  arriving  from  the  tropics,  but  is  more  espe- 
cially a  tropical  disease.  It  occurs  generally  in  limited 
epidemics,  in  particular  houses,  institutions,  plantations, 
mines,  &c. ;  but  it  may  spread  over  large  areas,  only 
attacking,  however,  limited  foci  in  such  areas.  The 
case  mortality  ranges  from  5  to  50  per  cent.  (Manson). 
There  is  no  evidence  that  it  is  communicable  from  man 
to  man. 

The  disease  is  characterized  by  difficulties  of  move- 
ment, often  attended  with  some  atrophic  paralysis, 
more  particularly  of  the  lower  limbs,  by  disorders  of 
sensation,  oedema  of  the  skin,  and  dropsy  of  the  serous 
cavities.  There  are  several  types  of  the  disease ;  in 
one  the  nervous  symptoms  predominate,  in  another  the 
respiratory  system  suffers  most,  and  in  a  third  (cedcma- 
tous)  type  the  circulatory  organs  appear  to  be  most 
affected.    The  disease  is  essentially  a  chronic  one,  and 

ri- 
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and  usually  by  the  neglect  of  aseptic  precautions  as 
regards  the  hands  and  obstetric  instruments,  during  and 
immediately  after  childbirth.  The  term  "  puerperal 
fever  "  has  been  defined  by  the  Royal  College  of  Physi- 
cians of  London  as  including  "  septicaemia,  pyaemia, 
septic  peritonitis,  septic  metritis,  and  other  acute  septic 
inflammations  in  the  pelvis,  occurring  as  the  direct 
result  of  childbirth." 

Various  micro-organisms  have  been  found  associated 
with  the  disease,  e.g.,  streptococcus  pyogenes,  staphylo- 
coccus aureus,  the  gonococcus,  and  bacillus  coli  com- 
munis. 

Insanitary  conditions,  more  especially  the  fouling  of 
air  by  overcrowding  and  drainage  defects,  probably 
play  some  part  in  the  origin  and  propagation  of  the 
disease ;  and  there  is  some  evidence  that  the  infection 
of  erysipelas  and  of  scarlet  fever  is  capable  of  giving 
rise  to  puerperal  fever. 


Cancer. 

The  causes  determining  the  prevalence  of  this  disease 
are  still  wrapped  in  some  obscurity,  but  the  view  that 
cancer  is  due  to  a  parasite,  which  possesses  some  degree 
of  infectiveness  is  gaining  ground.  Recent  research 
seems  to  indicate  that  cancer,  like  enteric  fever,  has  an 
endemic  prevalence,  and  that  it  affects  in  a  higher 
degree  populations  living  in  low-lying  river  valleys  with 
clay  soils  than  those  on  high  dry,  and  non-retentive 
soils.  An  endemic  area  may  be  close  to  others  on  which 
the  disease  rarely  occurs;  and  isolated  "cancer  houses," 
or  groups  of  such  houses,  arc  held  by  many  to  exist  in 
certain  districts. 

The  death  rate  from  cancer  varies  considerably  in 
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Ccrcbro-Sf'inal  Fever,  or  Epidemic  Cerebrospinal  Meningitis, 

The  specific  character  of  this  disease  is  now  generally 
recognised,  but  probably  many  cases  so  diagnosed  are 
really  suffering  from  tubercular  meningitis  or  meningitis 
due  to  pneumococcus  infection.""  Cerebro-spinal  menin- 
gitis is  not  an  infrequent  complication  of  many  febrile 
diseases,  but  tliis  form  is  never  epidemic  or  communic- 
able ;  nor  is  it  attended  by  the  purpura  or  herpetic 
eruptions  characteristic  of  cerebro-spinal  fever.  The 
latter  is  also  distinguished  by  the  absence  of  any 
associated  disease. 

The  disease  is  rare  in  this  country,  but  is  more  preva- 
lent in  the  United  States  and  some  other  countries,  and 
is  probably  on  the  increase.  An  organism  having  a 
diplococcus  form,  and  often  called  the  meningo-coccus, 
is  believed  to  be  the  specific  organism,  and  the  same 
organism  has  been  found  in  cases  of  infantile  paralysis. 
Animals,  especially  horses  and  pigs,  are  probably  also 
liable  to  the  disease.  The  diplococcus  is  said  to  be 
constantly  present  in  the  nasal  discharge  of  the  sufferers; 
and  this  discharge  is  sometimes  so  profuse  as  to  cause 
the  disease  to  be  mistaken  for  influenza.  This  discharge 
is  probably  the  main  channel  of  infection.  Overcrowding 
and  bad  air  appear  to  pjedispose  to  attack.  The  disease 
affects  children  and  young  people,  often  in  epidemic 
waves,  and  the  case  mortality  is  generally  very  high. 

*  Sir  TKomas  Barlow  and  Dr.  Lees  have  recently  drawn  attention 
to  a  form  of  meningitis  in  children,  which  is  now  known  as  posterior 
(non  tuberculous.)  basic  meningitis— due  to  a  diplococcus  closely 
allied  to  the  diplococcus  of  VVeichselbaum,  found  in  epidemic  cerebro- 
spinal meningitis.  It  is  usually  held  now,  that  posterior  basic 
meningitis  is  a  sporadic  form  of  cerebro  spinal  meningitis.  It  appears 
to  be  endemic  in  most  large  cities  and  towns  in  this  country,  on  the 
Continent,  and  in  America. 
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The  diagnosis  can  be  confirmeJ  bacterioIo(:(icaIly  by  a 
lumbar  puncture,  which  is  ahnost  painless,  below  the 
enJ  of  the  spinal  cord;  and  an  examination  for  the 
diplococcus  can  be  made  in  the  fluid  so  obtained. 


h 


Ehizootic  Diseases. 
A  nthrax. 


This  specific  disease  affects  cattle  most  frequently, 
but  all  animals  are  capable  of  being  infected.  The 
infection  generally  enters  the  body  through  the  ali- 
mentary tract,  but  it  may  be  introduced  through  the 
respiratory  tract,  and  also  through  the  skin  by  inocula- 
tion (by  the  slings  of  insects,  &c.).  When  the  soil 
becomes  infected,  .is  by  discharges  from  animals,  the 
disease  may  spread  rapidly  and  extensively  through 
herds.  Pasteur  and  others  liave  held,  on  experimental 
evidence,  that  when  animals  deail  of  the  disease  arc 
superficially  buried,  earth  worms  may  be  instrumental 
in  conveying  the  specific  organism  to  the  surface.  The 
grass  may  become  extensively  contaminated  by  dis- 
charges, the  specific  organism,  in  the  form  of  spores, 
persisting  for  considerable  periods  in  decomposing  animal 
and  vegetable  matter.  Animals  feciling  on  infected 
pastures  may  become  inoculated  through  wounds  inllictcd 
on  the  buccal  mucous  membrane  and  the  tongue  by 
silicious  grasses,  probably  loo,  by  swallowing  the  spores 
with  U>eir  food.  Non-sporing  bacilli  arc  destroyed  in 
the  stomach  but  spores  arc  not.  The  disease  is  most 
prevalent  on  warm,  loose,  moist  soils,  rich  in  organic 
matter,  especially  in  swampy,  boggy  districts,  and  during 
the  summer  months. 

Man  is  generally  infected  during  the  process  of  killing 
and  skinning  diseased  animals,  and  possibly  by  eating 
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the  flesh.  In  this  country  the  sorting  and  handling  of 
dried  skins  or  hair  (horsehair  from  China)  imported 
from  abroad  is  most  frequently  responsible  for  the 
disease.  Man  is  infected  either  by  direct  inoculation 
of  a  wound  or  abrasion  on  the  face  and  hands,  which 
gives  rise  to  the  malignant  pustule,  or  by  inhalation 
of  dust  containing  spores,  into  the  mouth  or  lungs, 
when  general  infection  of  the  system  follows,  usually 
proving  fatal  in  the  course  of  a  very  few  days.  The 
symptoms  of  general  infection  are  usually  obscure,  and 
appear  to  depend  upon  the  organ  with  which  the  virus 
first  comes  in  contact.  If  the  dust  is  swallowed,  the 
stomach  and  bowels  are  chiefly  afi°ected  ;  if  inhaled,  the 
lungs.  Bacilli  are  found  in  the  serum  of  the  pustule, 
and  in  the  blood  after  death. 

Infection  through  the  alimentary  tract  is  rare.  In 
man  it  is  much  more  common  for  the  disease  to  start  in 
the  respiratory  system,  the  lesions  being  found  in  the 
trachea  or  bronchi,  and  spreading  to  the  bronchial  and 
other  thoracic  glands,  and  finally  to  the  lungs.  In  the 
lung  cases  many  bacilli  may  be  found  in  the  local  lesions 
in  the  chest,  but  few  are  found  in  the  other  organs  or  in 
the  blood,  until  just  before  death.  Bacilli  are  rarely 
found  in  the  secretions. 

The  disease  may  assume  the  following  types,  each  of 
which  is  also  met  with  in  man : 

1.  "Apoplectic":  Symptoms  of  cerebral  apoplexy 
appear;  the  animal  is  taken  suddenly  ill,  staggers,  and 
falls,  and  dies  in  convulsions  in  from  a  few  minutes  to 
one  hour  at  most.  This  is  the  most  usual  form  in  sheep 
and  goats. 

2.  A  condition  of  excited  restlessness  is  followed  by 
convulsions,  stupor,  and  death,  as  if  from  afKjplexy.  The 
symptoms  last  from  two  to  twenty-four  hours  in  this 
form,  which  is  the  most  usual  in  cattle 


i 
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3.  "Anthrax  fever":  Tli  is  is  the  most  common  form, 
lasting  from  twenty-four  hours  to  seven  days.  High 
fever  and  frequent  colic  are  followed  by  symptoms 
similar  to  those  of  the  last  type,  but  the  grave  symptoms 
are  intermittent,  and  their  duration  is  more  prolonged. 

4.  "Carbuncular  disease":  Characterized  by  circum- 
scribed cutaneous  sw'ellings,  at  first  hard,  hot,  and 
painful,  and  later  becoming  cold,  painless,  and  with  a 
tendency  to  slough,  but  not  to  suppurate ;  cedematous 
swellings  of  the  skin  ;  similar  swellings  on  the  mucous 
membrane  of  the  moutii,  pharynx,  larynx,  and  rectum  ; 
irregular  fever;*  dyspnoea;  difficulty  in  swallowing; 
tenesmus.  This  form  generally  lasts  from  three  to  seven 
days.  I 

The  postmortem  diagnosis  depends  upon:   (i)  The^H 
discovery  of  the  bacillus,  and  the  results  of  its  inoculation  ^^ 
into  mice;  (2)  haemorrhages  of  variable  size,  often  evident 
in  all  the  organs  and  in  the  subserous,  submucous,  and 
subcutaneous  tissues,  and  serous  infiltration  and  conges- 
tion of  organs  generally ;    (3)  swelling  of  the  spleen   to 
from  two  to  five  times  its  normal  size:  the  liver,  kidneys, 
and  lymphatic  glands  arc  also  enlarged,  though  to  a  less 
degree;  (4)  a  tar  like  condition  of  tlie  blood.    The  bodii 
arc  often  well  nourished ;    there  is  an  absence  of  rigoi 
mortis,  rapid  decomposition  sets  in,  and  where  there  i 


•  The  following  are  the  Kymptoms  of  fever  in  cattle :  The  tem- 
perature [per  rtctum)  is  generally  about  41"  to  42'' C. ;  the  external 
temperature  of  the  body  is  unequally  distributed;  the  hair  stands  on 
end  and  loses  gloss;  feeding  and  rumination  are  suspended;  great 
depression ;  eyes  dull  and  congested ;  tongue  protruded ;  oAen 
diarrhica;  short  panting  respirations;  frequent  tmall  pulse  (60  to 
120  per  minute):  nostrils  dry  or  covered  with  foam;  in  cow» 
secretion  of  milk  is  diminished  and  the  teats  are  hot ;   rigor*. 

In  horses  the  symptoms  arc  similar;  the  temperature  is  generally 
about  jg's''  to  ^v^'  C  ,  and  the  pulse  from  »o  to  100  per  minute. 


considerable  oritszs.  tierc  =:ay  rt  wiie  iriis  c:  zcc:c"s<:-i 
skia. 

In  this  dise.x£<:-.  &s  iz.  sc~e  c:l".er>.  S'^ch  as  c'.::ckcn 
choSera,  rabies,  aai  swice  fever,  the  virus  cia  bt  AtUT.a- 
ated  by  the  Taiioos  n:e:h>is  mecnoctxi  ca  jv.»i:e  ac;. 
When  cultivated  at  42'  C.  the  bacilli  of  .\n:hr.ix 
produce  no  spores,  and  the  intensity  of  their  vtru'.er.co 
decreases  day  by  day.  This  attenuated  virus  yor  it 
may  be  the  waste  products  of  its  nietabolisn^^  when 
inoculated  into  susceptible  animals,  inhibits  the  grow  th 
of  the  specific  microbes  when  introduced  into  the  K\ly. 
and  is  so  found  to  confer  immunity  for  a  time  from  tlso 
disease  in  its  virulent  form.  The  same  result  oan  Iv 
attained  when  the  bacillus  from  one  species  of  aninuxl 
is  passed  through  a  different  species.  If  the  b.icillus 
of  sheep  or  cattle  is  inoculated  into  guinc.i  pi(;s.  the 
organisms  taken  from  the  guinea  pig  are  attcnu;itod  (ov 
sheep  or  cattle,  and  confer  immunity  from  subsciiuonl 
attack. 

Pasteur  used  two  vaccines:  Vaccine  I.  grown  at  ^J" 
C.  for  twenty-four  days,  and  Vaccine  11.  grown  at  ^.:' 
C.  for  twelve  days,  and  therefore  less  attenuated  than 
Vaccine  I.  The  method  as  used  for  sheep,  cattle,  and 
horses  is  as  follows: — The  animal  is  inoculated  with 
Vaccine  I.  (5  drops  for  sheep,  10  for  cattle  anil  lu>r.ses), 
and  after  twelve  days  with  Vaccine  II.  Fourteen  ihiys 
later  an  ordinary  virulent  culture  can  be  injected  without 
ill  effect,  and  the  animal  remains  immune  for  a  yiar  or 
more  in  many  cases. 

Quite  recently  mice  have  been  rendered  iinmunu 
against  anthrax  virus  by  injection  of  an  albumose  (a 
proteid  body)  isolated  from  cultures  of  tin:  anthrax 
bacilli,  of  whose  metabolism  it  is  no  doubt  a  wabtu 
product  (Hankin).  The  quantity  of  anthrax  ulbuuKJhu 
necessary  to  produce  immunity  is  extremely  minute. 
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anthrax  contajjion,  but  if  attempts  are  made  to  disin- 
fect unopened  bales,  especially  wlien  hydraulically 
pressed,  the  steam  will  not  penetrate  to  the  centre." 

After  careful  consideration  Dr.  Legge  suggests  the  fol- 
lowing precautions  for  the  prevention  of  the  disease, 
in  the  hope  that  they  might  be  found  not  only  success- 
ful but  practicable : — 

1.  That  all  workers  should  wear  overalls. 

2.  That  no  one  with  any  cut,  sore,  or  abrasion  of  the 
skin  should  be  allowed  to  work  unless  it  can  be  abso- 
lutely protected  from  contamination. 

3.  That  all  workers  should  wash  themselves  fre- 
quently, and  especially  before  taking  food. 

4.  That  all  cases  of  illness,  especially  if  connected 
with  any  swelling  or  boil,  should  be  immediately  inti- 
mated to  the  manager,  in  order  that  the  disease  may  be 
attacked  in  its  earliest  stages,  and  that  other  workers 
similarly  exposed  may  be  warned  of  their  danger. 

5.  That  the  bales  should  be  immediately  immersed 
in  water,  and  that  no  handling  of  the  raw  material  be 
permitted  except  in  the  wet  state.  This  will  prevent 
dust,  and  the  risk  of  contagion  then  will  only  be  pos- 
sible through  an  abrasion  of  the  skin.  No  faith  can  be 
placed  in  the  use  of  fans,  respirators,  or  currents  of  air. 
The  germ  must  be  killed ;  by  these  means  it  is  simply 
shifted.  Unlike  other  dangerous  trades  this  microbe  is 
wafted  on  the  breeze  until  it  settles,  and  there  awaits — 
it  may  he  for  years — a  suitable  soil  in  man  or  beast  in 
which  to  grow  and  develop. 

fi.  That  the  hair  should  be  boiled — say  for  thirty 
minutes — in  order  to  cleanse  it,  anil  soften  the  agglu- 
tinated discharges  which  may  contain  the  germs,  and 
that  afterwards  steam  shor.ld  be  applied  for  the  same 
time  at  a  pressure  of  o*i5  atmospheres.  If,  however, 
it  be  desired  to  effectuaKy  disinfect  by  boiling,  ■without 
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continuing  it  so  long  as  to  destroy  the  material,  it 
could  be  accomplished  by  using  a  two  per  cent,  solution 
of  potassium  permanganate,  and  afterwards  bleaching 
with  a  3  per  cent,  solution  of  sulphurous  acid. 

7.  That  all  dust  and  residue  be  carefully  burned. 

By  the  Anthrax  Order  (1899)  of  the  Board  of  Agri- 
culture, dung  and  other  litter  from  the  place  of  outbreak 
are  to  be  burnt,  or  disinfected  and  buried  to  the  satis* 
faction  of  the  inspector.  Carcases  must  either  b: 
buried  in  lime,  as  soon  as  possible,  with  the  skin  on, 
at  a  suitable  place  to  which  animals  will  not  have 
access,  and  at  a  depth  of  not  less  than  6  feet  below  the 
surface  ;  or  they  must  be  destroyed  by  exposure  to  a 
high  temperature,  or  by  chemical  agents  in  a  horse- 
slaughterer's  or  knacker's  yard,  or  other  place  approved 
for  the  purpose  by  the  Board.  A  carcase  of  a  diseased 
or  suspected  animal  shall  not  be  buried  or  destroyed 
otherwise  than  by  the  local  authority,  nor  be  removed 
from  the  farm  or  premises  upon  which  the  animal  died 
or  was  slaughtered,  except  for  the  purpose  of  being 
buried  or  destroyed.  Before  a  carcase  is  removed  for 
burial  or  destruction,  all  the  natural  openings  must  be 
plugged  with  tow  or  other  suitable  material  saturated 
with  a  disinfectant.  In  no  case  shall  the  skin  ot  the 
carcase  be  cut,  nor  shall  anything  be  done  to  cause  the 
effusion  of  blood,  except  by  a  veterinary  inspector  and 
for  the  purpose  of  microscopical  investigation.  Disin- 
fection  in  cases  of  anthrax  shall  be  performed  by  the  H 
local  authority  at  their  own  expense,  and  shall  consist 
in  thorough  sprinkling  with  freshly  burnt  lime  or  other 
suitable  disinfectant,  and  subsequent  washing  with  fl 
limcwash  containing  in  each  gallon  4  ounces  of  chloride 
of  lime,  or  ^  pint  of  comii.crcial  carbolic  acid.  The 
measures  applicable  to  fields  are  left  to  the  discretion  of 
the  local  authority  or  their  inspector. 
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.    Tuberculosis  in  tlu  Lower  Animals. 

The  disease  is  characterised  by  nodular,  cellular, 
non-vascular  foci  (tubercles),  frequently  translucent  and 
hard,  about  the  size  of  a  millet  grain,  which  cannot  be 
shelled  out  from  the  surrounding  tissue. 

The  disease  is  most  frequently  found  in  cattle,  pigs, 
and  birds,  but  occasionally  in  all  warm-blooded  animals. 

The  symptoms  commence  insidiously,  and  are  as 
follows :  A  dry,  short,  jerky  cough  ;  increased  sensi- 
bility of  the  chest  walls ;  at  a  later  stage,  spasmodic 
paroxysms  of  cough,  especially  in  the  early  morning — 
percussion  sounds  dull  on  circumscribed  areas ;  dimin- 
ished secretion  of  milk ;  flatulence ;  dyspnoea  (shown 
by  the  extended  position  of  the  head  and  neck) ;  inter- 
mitting colic,  with  alternating  diarrhoea  and  constipa- 
tion ;  hematuria,  enlargement  of  glands ;  irregular 
fever ;  excessive  emaciation ;  weakness ;  often  peri- 
tonitis, and  swellings  of  bones  and  joints.  Animals 
frequently  come  on  heat  and  remain  so  for  a  long  time 
cows  mount  their  fellows,  but  are  rarely  fecundated  by 
bulls ;  and  pregnant  cows  frequently  abort.  Brain 
excitement,  convulsions,  paralysis,  staggers,  and  sudden 
collapse,  often  supervene  during  the  last  stages.  Tuber- 
culosis of  the  udders  is  characterised  by  a  diffuse, 
painless,  and  comparatively  firm  swelling,  usually  of 
one  quarter  of  the  udder  (one  of  the  posterior  quarters 
as  a  rule) ;  the  milk  at  first  is  normal,  then  becomes 
thin  and  watery,  with  flakes,  and  sometimes,  though 
not  always,  the  specific  bacilli  are  present.  The  pudic 
glands  are  also  much  enlarged. 

The  post-mortem  diagnosis  is  chiefly  made  from  the 

ungs  and  serous  membranes,  which  are  found  to  be 

studded  with  the  tubercle  nodules.     In  the  lungs  the 
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Animals  suffering  from  advanced  tuberculosis  often 
fail  to  show  a  marked  temperature  reaction,  or  if  they 
are  already  feverish  (».<;.,  temperature  above  102-5'  F-)> 
the  reaction  may  not  be  noticeable.  The  test  must  not 
be  repeated  until  at  least  a  month  has  expired,  as  the 
animal  will  often  not  react  again  in  a  less  period.  This 
fact,  it  has  been  suggested,  opens  the  door  to  fraud,  as  a 
dishonest  salesman  could  inject  his  animals  a  few  days 
prior  to  sale,  and  then  sell  them  as  tuberculosis  free. 
Those  animals  which  react  should  be  isolated,  and 
fattened  for  food  if  the  disease  is  not  advanced. 


Actinomycosis. 

This  disease  affects  cattle,  pigs,  horses,  sheep,  and 
man.  The  symptoms  are  of  long  duration,  and  include: 
Aversion  to  food  and  mastication ;  swollen  tongue ; 
copious  salivation ;  difficulty  of  swallowing,  and  dysp- 
noea, from  growths  in  the  pharynx  and  larynx ;  swelling 
of  the  parotid  region,  which  is  covered  with  tumours  of 
varying  size ;  later,  the  affection  of  the  cervical  vertebrae 
causes  paralysis,  and  symptoms  resembling  phthisis 
result  from  the  implication  of  the  lungs. 

To  diagnose  this  disease  from  tuberculosis,  parotitis, 
cellulitis,  &c.,  the  nodules  and  abscesses  should  be 
incised,  and  a  search  made  for  the  ray  fungus. 

The  post-mortem  diagnosis  is  established  by  the  dis- 
covery of  tubercle-like  nodules  and  large  lobulated 
tumours,  sometimes  very  soft,  at  others  hard,  usually  in 
the  upper  or  lower  maxillary  bones.  These  consist  of 
connective  tissue  stroma  with  numerous  interspersed 
nodules,  varying  in  size  from  a  millet  seed  to  a  pea. 
These  nodules  contain  the  sulphur  yellow  actinomycosis 
granules,  about  the  size  of  a  grain  of  sand ;  they  may 
develop  into  cold  abscesses,  which  contain   the  small 
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yellow  tufts  of  the  fungus.  MacFadyean  describes 
these  nodules  in  animals  as  becoming  hard  and  calci- 
fying like  tubercles,  but  rarely  forming  abscesses.  On 
the  sides  and  under  surface  of  the  mucous  membrane 
of  the  swollen  tongue  are  to  be  seen  rounded,  slightly 
raised,  brown  spots,  through  which  shine  very  minute 
yellow  nodules.  In  the  pharynx  there  are  generally 
soft,  fungoid,  pedunculated  growths  with  smooth  sur- 
faces, and  these  may  form  in  the  oesophagus,  larynx, 
and  trachea.  Elastic,  firm  nodules,  generally  from  a 
hazel  nut  to  a  man's  fist,  or  larger,  in  size,  may  be  seen 
in  the  skin  and  subcutaneous  tissue,  chiefly  of  the  bead 
and  neck.  The  lymphatic  glands  in  the  neighbourhood 
of  the  neck  are  generally  also  affected.  In  the  lungs, 
disseminated,  firm,  whitish  yellow  nodules  are  seen, 
varying  in  size  from  a  millet  seed  to  a  pea,  which 
become  calcareous  in  the  centre ;  or  there  may  be  large 
purulent  foci.  It  is  not  certain  if  the  disease  can  be 
communicated  to  man  by  contagion  or  infection,  or  by 
eating  the  infected  flesli. 

In  man  the  symptoms  are:  Abscesses,  chiefly  in  the 
bones  of  the  face  and  in  the  tongue.  The  liver,  lungs, 
intestines,  and  skin  may  also  be  the  seats  of  the  primary 
lesion.  The  lungs,  liver,  kidneys,  peritoneum,  intestines, 
and  brain  may  become  infected  by  metastasis.  Probably, 
as  in  animals,  it  is  transmitted  exclusively  by  portions  of 
plants,  which  are  studded  with  the  fungi. 


Rabits. 

In  this  disease  the  virus  is  contained  in  the  saliva  of 
rabid  animals,  such  as  dogs,  wolves,  horses,  bovincs, 
cats,  pigs,  sheep,  goats,  and  even  birds.  The  disease  is 
spread  by  inoculation  into  the  skin  through  the  bite  of  a 
rabid  animal. 
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The  incubation  period  in  dogs  is  from  three  to  six 
weeks  on  an  average,  with  a  minimum  of  a  few  daysi 
and  a  maximum  of  several  months.  The  symptoms  of 
canine  rallies  assume  two  forms — i.t.,  the  "  furious 
madness,"  which  is  the  more  frequent,  and  the  "dumb 
madness."  The  symptoms  in  the  furious  form  follow 
each  other  in  three  stages:  (i)  The  melancholy,  (2)  the 
irritative,  and  (3)  the  paralytic.  Stage  1  generally  lasts 
from  twelve  to  forty-eight  hours,  and  is  marked  by 
capricious  appetite,  the  animal  being  sullen,  nervous, 
excited,  irritable,  and  distrustful;  it  bites  at  everything, 
and  often  swallows  foreign  bodies.  There  is  sometimes 
abnormal  itching  at  the  site  of  the  bite.  Stage  2  lasts 
three  or  four  days,  and  is  characterized  by  attacks  of 
fury  (which  may  continue  for  some  hours)  and  convul- 
sions, with  remissions.  The  animal  is  very  irritable,  and 
often  tries  to  run  away ;  it  shows  an  excessive  morbid 
desire  to  snap,  and  later  to  bite,  often  with  such  force 
as  to  break  its  teeth.  The  animal  does  not  try  to  bite 
human  beings  unless  approached.  Paralysis  of  the 
vocal  cords  often  causes  a  change  in  voice.  Hallucina- 
tions are  more  prominent  than  mania.  In  Stage  3  the 
animal  is  much  emaciated,  the  hair  stands  on  end  and  is 
rough,  the  eyes  are  sunken  and  glassy,  and  the  power  of 
swallowing  is  lost  owing  to  paralysis  of  the  muscles  of 
deglutition  ;  paralysis  of  the  lower  jaw  then  supervenes, 
and  the  jaw  drops  down,  the  tongue  hanging  out ;  the 
hind  quarters  next  become  paralyzed.  The  whole  stage 
is  attended  by  paroxysms  of  excitement,  which  grow  less 
and  less  frequent,  until  the  animal  dies  between  the  fifth 
and  tenth  day. 

Dumb  madness  differs  mainly  in  the  absence,  or  very 
short  duration,  of  stage  2. 

In  man  there  is  premonitory  pain  in  the  cicatrized 
wound  from   the  bite,  general  malaise,  swelling  of  the 
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inoculated  subdurally  into  a  rabbit ;  a  second  rabbit 
is  similarly  inoculated  from  the  first,  a  third  from  tlie 
second,  and  so  on  until  a  virus  of  maximum  intensity  is 
obtained— killing  a  rabbit  in  seven  days.  The  spinal 
cord  of  a  rabbit  killed  by  this  maximum  virus,  which, 
like  all  parts  of  the  central  nervous  system,  contains 
the  virus,  is  submitted  to  a  drying  process  by  calcium 
chloride,  at  a  temperature  of  25°  C,  for  a  certain 
number  of  days  (one  to  fourteen).  By  this  means  the 
virulence  of  the  virus  is  diminished  and  eventually 
destroyed  by  drying  for  fourteen  days.  The  person 
undergoing  the  treatment  is  inoculated  first  with  an 
emulsion  of  a  cord,  which  has  been  dried  for  fourteen 
days ;  on  succeeding  days  he  is  inoculated  \vith  cords 
■which  have  been  dried  for  thirteen,  twelve,  eleven,  &c., 
days,  and  finally  with  a  cord  which  has  been  dried  for 
only  one  ilay,  ami  is  therefore  hi^'hly  virulent.  In  this 
way,  men  and  animals  bitten  by  a  rabid  creature  are 
protected,  and  in  most  cases  fail  to  develop  hydro- 
phobia. That  this  is  indeed  the  trutli  is  evident  from 
the  fact  that  persons  who  have  been  bitten  by  indubit- 
ably rabid  animals,  and  have  subnntted  themselves  io 
the  Pasteur  treatment  within  a  few  days  of  the  infliction 
of  the  bite,  have  almost  invariably  escaped.  'J"he  death 
rate,  instead  of  15  per  cent,  in  the  unprotected,  is  only 
i'36  per  cent,  in  the  protected.  During  the  ten  years 
i886-y5,  the  mortality  in  protected  persons  was  only 
0*48  per  cent.  (Muir  and  Ritchie).  For  ordinary  bites 
the  inoculations  start  with  the  fourteen-days-dried  cord, 
and  end  with  that  of  one  day.  For  more  dangerous 
wountls  the  number  of  inoculations  is  greater,  and  the 
use  of  the  recent  cords  is  more  rapidly  brought  into 
operation.  "  This  is  the  '  intensive  '  treatment,  which 
is  used  in  severe  cases — bites  on  naked  parts  and  wolf 
bites.    Nearly  all  the  individuals  treated  by  M.  Pasteur, 
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who  have  succumbed  to  the  disease,  developed  it  during 
the  fortnight  following  the  commencement  of  the  inocu- 
lation, owing  to  the  fact  that  in  their  case  the  virus 
probably  passed  in  the  blood  stream  to  the  nervous 
centres  very  soon  after  the  infliction  of  the  bite." 

In  this  country  rabies  is  spread  by  infected  dogs; 
where  muzzling  regulations  and  the  slaughter  of  stray 
dogs  have  been  enforced,  the  disease  is  rapidly  exter- 
minated. 

The  diagnosis  of  the  earlier  symptoms  largely  de- 
pends upon  whether  proof  is  forthcoming  of  the  animal 
or  man  having  been  bitten  by  a  rabid  animal.  The 
post-mortem  changes  in  canine  rabies  are  neither  con- 
stant nor  specific;  but  the  following  diagnostic  appear- 
ances may  be  mentioned  —  emaciation,  dark  blood, 
hyperaemia  of  mucous  membranes  and  of  many  of  the 
internal  organs,  the  frequent  presence  of  foreign  bodies 
in  the  pharynx  and  a-sophagus  or  the  stomach,  which 
often  contains  such  articles  as  straw,  hair,  feathers, 
string,  wood,  or  pebbles,  but  very  little  or  no  food. 
Frequently  small  hajmorrhaeges  are  seen  on  the  surface 
of  the  gastric  and  buccal  mucous  membrane,  and  the 
intestines  are  generally  found  to  be  empty. 

Foot  and  Mouth  Distau. 

Foot  and  mouth  disease  is  peculiar  to  ungulates,  and 
therefore  occurs  chiefly  in  cattle,  sheep,  pigs,  and  goats; 

I  but  all  wild  ruminants  are  liable  to  it.     The  disease  id 

'rarely  fatal. 

The  symptoms  in  cattle  are :  Vesicles  and  ulcers  on 
the  oral  mucous  membrane,  and  on  the  skin  of  the 
coronet  and  of  the  interdigital  space  (sheep,  goats,  and 
pigs  are  usually  affected  only  on  the  feet).  The  small 
yellowish -white  vesicles  on  the  gums,  tongue,  buccal 
mucous  membrane,  and  lips  gradually  increase  in  size, 
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until  they  become  as  large  as  a  five-shilling  piece,  when 
the  vesicles  burst,  leaving  ulcers.  There  is  much  saliva- 
tion, and  rapid  and  great  emaciation.  The  milk  is 
colostrum-like  in  appearance  and  taste  ;  and  in  milch 
cows  the  exanthem  often  spreads,  by  the  act  of  milking, 
to  the  uddors  and  teats. 

In  the  malignant  type,  symptoms  supervene  resem-  ■ 
bling  apoplexy,  and  the  animal  dies  suddenly  from 
paralysis  of  the  heart,  due  to  the  development  of  toxins. 
There  is  often  violent  inflammation  of  the  udder,  with 
sero-sanguineous  discharge  ;  sometimes  ulcers  form  on 
the  pharyngeal  mucous  membrane,  and  there  is  dys- 
pnoea and  nasal  and  bronchial  catarrh.  Occasionally  the 
vesicles  form  on  the  skin  at  the  base  of  the  horns,  also 
on  the  vulva  and  vagina,  and  on  the  general  surface  of 
the  skin. 

As  regards  the  feet,  there  is  first  a  painful  swelling  of 
the  coronet,  especially  between  the  toes  and  towards  the 
plantar  cushions  ;  then  lameness  results.  Erysipelatous 
inflammation  sometimes  supervenes,  and  later  on  ulcers 
and  abscesses;  as  a  result,  the  hoofs  may  be  shed.  The 
general  constitutional  symptoms  are  those  of  pyaemia. 

The  disease  is  transmitted  to  man  through  milk, 
butter,  and  cheese,  or  is  inoculated  through  wounds 
in  the  hands  and  arms.  The  symptoms  are:  Fever; 
disturbance  of  digestion  ;  vesicles  on  the  face  (lips  and 
ears),  the  fingers,  the  arms,  the  female  breasts,  and 
the  mucous  membrane  of  the  mouth,  pharynx,  and 
conjunctiva;  abdominal  pains;  and  vomiting.  Occasion- 
ally death  supervenes  in  young  persons.  The  disease  is 
not  conveyed  by  eating  flesh. 

Glanders. 

Glanders  and  farcy  are  now  recognised  as  different 
manifestations  of  the  same  disease.     It  is  essentially  an 
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equine  disease  alTectinf;  horses,  donkeys,  and  mules;  but 
it  maybe  transmitted  from  horses  to  many  other  animals, 
including  man,  by  direct  inoculation.  In  some  years  the 
disease  causes  a  considerable  mortality  in  this  country 
among  horses. 

The  symptoms  may  be  those  of  either  acute  or  chronic 
glanders.  Acute  glanders  is  a  very  rapidly  progressive 
specific  infective  disease,  accompanied  by  gangrene  of 
the  respiratory  mucous  membrane  and  by  metastatic 
formations  in  the  skin,  lungs,  and  other  organs.  The 
prominent  symptoms  arc:  High  temperature;  rigors; 
inuco-purulent  nasal  discharge,  which  later  becomes 
sanguineous,  the  visible  mucous  membrane  being  covered 
with  nodules  and  ulcers,  which  are  frequently  con- 
fluent and  covered  with  diphtheritic  sloughing  masses  ; 
dyspnica ;  and  roaring  inspirations.  There  are  also 
(edematous  swellings  of  the  skin,  nodules  and  ulcers 
in  the  skin,  cord-like  inflammation  of  the  lymphatics 
(especially  in  the  neighbourhood  of  the  head),  swelling 
and  suppuration  of  the  lymphatic  glands,  difficult 
deglutition,  diarr)i(_ea,  and  rapid  emaciation.  This 
form  is  invariably  fatal  in  from  three  to  fourtee^j 
days.  ^H 

Chronic  glanders  has  an  insidious  origin.  The  sym^^ 
ptoms  are:  Chronic  nasal  catarrh,  with  discharges,  which 
later  become  less  sticky  and  yellow,  and  temporarily 
sanious,  these  hfcmorrhagcs  from  the  small  ulcerous 
•erosions  l>eing  frequently  the  first  visible  sign.  Later  on 
nodules,  and  finally  ulcers,  appear  on  the  nasal  mucous 
membrane,  and  swelling  of  the  submaxillary  glands 
fnllows.  Fre(]utnlly  there  is  cough  and  clyspna-.i,  and 
generally  some  irregular  fever :  wasting  is  marked,  and 
in  the  late  stages  there  m.iy  be  ci'dematous  swellings  of 
the  limlis,  abdomen,  and  chest. 

Glanders  of   the  skin  is  less  common    in    chronic 
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glanders  than  in  acute,  the  favourite  sites  being  the 
limbs,  shoulders,  breast,  and  hypogastrium.  The 
nodules  or  boils  vary  from  a  pea  to  a  walnut  in  size, 
and  may  disappear  to  some  extent,  although  they 
generally  undergo  change  into  ulcers ;  the  efTeront 
lymph  vessels  are  swollen  into  knotted  cords,  the 
heads  of  which  often  become  ulcerated  ("farcy  buds'"). 
Affected  lymphatic  glands  are  often  enlarged,  and  later 
become  indurated  or  suppurate. 

In  a  post-mortem  examination,  the  nasal  mucous 
membrane  shows  nodules  varying  in  size  from  a  grain 
of  sand  to  a  millet  seed,  of  gelatinous  condition  and 
grayish  colour,  and  surrounded  by  a  red  ring.  Ulcers 
also  are  seen,  which  are  sometimes  covered  with  a 
brownish  crust,  resulting  in  radiating,  star-shaped  cica- 
trices. Similar  conditions  may  be  found  in  the  lungs; 
and  in  the  skin  the  cutaneous  nodules  vary  in  size  from 
a  hemp  seed  to  a  pea,  while  in  the  subcutis  the  nodules 
may  reach  the  size  of  a  hen's  egg,  and  may  form 
abscesses.  Of  the  other  organs,  the  spleen  is  most 
frequently  affected. 

In  man  the  disease  is  set  up  by  direct  inoculation  of 
the  infected  secretions,  usually  into  an  abrasion  of  the 
skin.  The  parts  usually  infected  in  man  are  the  hands, 
the  nasal  mucous  membrane,  the  lips,  and  conjunctivae. 
Infected  parts  become  swollen  and  painful,  and  the 
lymphatics  inflamed  ;  there  is  fever,  nasal  discharge, 
ulcers  on  the  nasal  mucous  membrane,  pustules  and 
abscesses  in  the  skin,  ulcers  in  the  mouth,  pharynx,  and 
larynx,  and  on  the  conjunctiva  ;  articular  swellings  are 
often  present,  and  sometimes  intense  gastro-enteritis. 
As  a  rule,  death  ensues  in  from  a  fortnight  to  a  month, 
or  the  disease  may  become  chronic.  The  fatality  is 
great  unless  the  disease  is  strictly  localized,  and  is 
treated  early  Viy  cauterization. 
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The  diagnosis  is  assisted  by  the  inoculation  of  otiier 
animals  (field  mice  and  guinea  pigs)  for  the  observance 
of  symptoms,  and  by  the  injection  of  "  mallein." 
Recently  too  the  Widal's  reaction  has  been  used  to 
diagnose  the  disease, 

"  Mallein"  is  a  preparation  made  from  the  bacilli  of 
glanders  in  a  manner  analogous  to  tuberculin.  It  is 
injected  subcutaneously  at  the  base  of  the  neck,  after 
the  animal's  temperature  has  been  taken.  The  increase 
in  temperature  within  twelve  hours  should  exceed  2'  C. 
for  a  certain  diagnosis,  and  i'2'  C.  to  warrant  suspicion. 
There  is  also  a  large  painful  swelling  at  the  site  of 
inoculation  (in  the  horse),  and  swelling  of  the  farcy  buds. 

The  preventive  measures  which  should  be  taken 
against  the  disease  have  generally  been  restricted  to 
those  embodied,  as  in  1892,  in  an  Order  of  the  Board  of 
Agriculture.  That  Order  provided  for  compensation  for 
the  slaughter  of  affected  and  suspected  animals,  and 
certain  powers  were  given  for  securing  the  examination 
of  horses  by  veterinary  surgeons,  and  for  controlling  the 
disease  when  discovered.  Dead  bodies  were  ordered  to 
be  buried  6  feet  deep  in  their  skins,  and  covered  with  a 
sufficient  quantity  of  quicklime  or  other  disinfectant ;  or 
the  local  authority  was  empowered,  with  the  consent  of 
the  Board,  to  have  the  body,  which  had  been  disinfected 
prior  to  removal,  cremated  or  treated  by  chemical  agents. 

Complete  measures  of  prevention  and  stamping  out 
would  include:  (i)  A  systematic  and  repeated  inspection 
of  horses  in  affected  localities,  and  the  employment  of 
"mallein"  for  diagnostic  purposes;  (2)  the  avoidance  of 
common  drinking  troughs ;  (3)  the  prompt  separation 
of  all  suspected  horses  and  the  slaughter  of  all  disc.ised 
ones;  (4)  the  prompt  cleansing  and  disinfection  of 
infected  premises;  and  (5)  newly  purchased  horses  to  bCi 


quarantined  before  bcin^  introduced  intg  a  stud,  ^| 
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A  Departmental  Committee,  which  reported  on  glan- 
ders in  1899,  made  the  following  recommendations: 

1.  That  the  Board  of  Agriculture  should  exercise 
a  more  extended  supervision  of  the  working  of  the 
Glanders  or  Farcy  Order. 

2.  That  notification  should  be  made  either  to  a 
constable  or  to  a  veterinary  inspector, 

3.  That  where  practicable  the  local  veterinary  in- 
spector should  not  engage  in  private  practice. 

4.  That  it  should  be  made  obligatory  for  veterinary 
surgeons  to  notify  cases  of  glanders  of  which  they  become 
aware. 

5.  That  occupiers  or  owners  of  knackers'  yards  should 
notify  any  case  of  glanders  found  in  animals  taken  to 
their  yards  for  slaughter. 

6.  That  horses  that  react  to  the  mallein  test  should  be 
considered  as  possible  sources  of  infection. 

7.  That  horses  that  the  veterinary  inspector  may 
consider  to  have  been  exposed  to  contagion  should  be 
dealt  with  in  the  same  manner  as  suspected  horses,  but 
with  certain  reservations. 

8.  That  the  slaughter  of  all  animals  showing  clinical 
symptoms  of  glanders  should  be  made  compulsory. 

9.  That  compensation  for  horses  slaughtered  solely 
on  account  of  reaction  to  the  "  mallein  "  test  should  be 
on  a  higher  scale  than  that  for  a  "clinical"  diseased 
horse. 

Variola. 

Variola  occurs  in  most  of  the  domestic  animals. 
Cow-pox  (variola  in  the  cow)  was  first  transmitted  to 
man,  in  1796,  by  Jenner,  who  proved,  in  1798,  that  it 
conferred  immunity  from  small-pox.  The  close  relation- 
ship existing  between  the  various  kinds  of  variola  found 
in  man  and  other  animals  is  proved  by  their  reciprocal 
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power  of  conferring  immunity.  Cow-pox  in  man  is  pro- 
tective against  small-pox,  and  the  latter  is  also  protec- 
tive against  the  former. 

The  symptoms  of  variola  in  animals,  which  appear 
after  an  incubation  period  of  about  a  week,  are  divided 
into  several  stages:  (i)  The  prodromal  stage,  which 
lasts  a  day  or  two,  is  characterized  by  fever,  catarrhal 
affection  of  the  mucous  membranes,  and  erythema  of 
the  skin  ;  (2)  in  the  eruptive  stage,  lasting  from  six  to 
eight  days,  red  spots  suddenly  appear,  which  become 
nodules  of  the  size  of  a  pin's  head,  surrounded  by  a 
red  ring,  and  which  after  a  few  days  form  bluish-white 
vesicles,  often  with  a  depression  in  the  centre ;  (3)  in 
the  stage  of  suppuration,  which  lasts  two  or  three  days, 
the  vesicles  become  pustules,  and  the  temperature, 
which  had  fallen  during  the  eruptive  stage,  again  rises; 
(4)  in  the  stage  of  exsiccation,  which  lasts  from  three  to 
five  days,  the  pustules  dry  up  into  yellowish,  and  later 
on  into  dark  brown,  crusts  or  scales,  which  fall  off, 
leaving  shining  red  cicatrices. 

Sometimes  the  eruption  is  confluent,  and  the  type  of 
the  disease  may  also  be  hacmorrhagic. 

Cow-pox  chiefly  attacks  young  cows,  the  eruption 
being  generally  confined  to  the  teats  and  udder  ;  fever 
is  absent  or  slight;  and  the  prognosis  is  very  good. 
The  disease  spreads  slowly  in  a  shed  from  animal  to 
animal,  and  the  eruption  lasts  altogether  about  twenty- 
one  days. 

The  lymph  of  cow-pox,  or  "  vaccine,"  was  introduced 
for  vaccination  in  man  by  Jcnncr  in  1798.  As  cow-pox 
is  comparatively  rare,  "  humanized "  vaccine,  or  vac- 
cination from  man  to  man,  was  subsequently  employed; 
but  owing  to  the  risks  attending  this  practice,  animal 
vaccination  has  been  recently  reintroduced.  For  the 
cultivation  of  the  vaccine,  calves  three  to  six  months 
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old  are  taken,  tbe  skin  over  the  lo'ver  part  of  the 
abdomen  is  shaved  and  disnfecied.  and  the  lymph  irv>m 
a  previonslv  vaccinated  calf  is  inoculated.  Vesicles 
raature  in  from  fonr  to  five  days,  and  the  lymph  col- 
lected from  these  is  used  for  human  vaccination,  or  for 
the  funher  inoculation  of  calves.  One  calf  yields  fn>in 
i,ooo  to  3,000  doses  of  lymph.  The  vaccine  may  be 
preserved  in  (i)  capillary  tubes,  in  which  it  loses 
strength  and  becomes  inert;  or  {2)  it  maybe  kept  in 
the  dry  condition  by  scraping  off  the  lymph  and  crusts, 
drying  them,  and  then  placing  them  between  two  glass 
slides  and  sealing  with  paraffin — the  vaccine  then  ktH>ps 
for  months;  or  (3)  it  may  be  rubbed  down  with  glycerine 
and  preserved  in  capillary  tubes. 

Scarlet  fever  is  said  to  affect  the  lower  animals,  but 
this  is  probably  due  to  a  confusion  of  the  disease  with 
petechial  fever — a  disease  characterized  by  hieiuorrhages 
in  the  skin  and  internal  organs,  such  haemorrhages  in 
the  skin  varying  in  size  from  a  pea  to  a  half-crown 
piece. 

Scarlet  fever  in  man  has  probably  no  sort  of  relation 
with  any  disease  of  cows.  Klein's  statements  as  to 
the  relation  between  human  scarlet  fever  and  a  bovine 
eruptive  fever  have  never  been  confirmed,  and  cows  an; 
proved  to  be  absolutely  immune  to  human  scarhit  fcv«;r 
(Crookshank,  McFadyean,  Edington,  McCall,  Axe,  and 
others). 

Bubonic  plague  may  affect  rats,  pig(;ons,  n)i<:<!,  cats, 
monkeys,  and  pigs;  and  flies,  fleas,  an<I  nios(|iiit(ieH 
may  communicate  the  disease. 

The  cholera  of  birds  (fowl   typhoid),  swine  trvsiprla^, 
swine  fever  or  hog  cholera  or  hog  typlwid,  fpidtmii  plnim 
pneumonia   in   hors<;s,  bovines,  and   goalfi,  (allU  pliifuf, 
splenic  apoplexy,  and  quarter  ill,  have  not  b<:<!n  '.liown  lo 
be  communicable  to  man. 
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Olid  difftrence.  If  on  inquiry  it  has  been  ascertained  that 
a  particular  antecedent  is  traceable  in  the  history  of  all 
the  cases  that  have  developed  illness,  whilst  this  par- 
ticular antecedent  has  been  as  invariably  absent  in  the 
previous  history  of  the  persons  otherwise  similarly 
circumstanced,  who  have  remained  unaffected,  such 
antecedent  is  the  probable  cause  of  the  illness — the 
probability  increasing  as  the  number  of  incidents  in- 
crease, which  conform  with  the  facts. 

Thus  for  example,  if  in  an  outbreak  of  acute  gastritis 
from  supposed  ptomaine  poisoning,  affecting  a  number 
of  people  who  partook  of  a  common  meal,  it  is  ascer- 
tained that  those  affected  all  partook  of  a  particular 
dish,  whilst  those  unaffected  as  invariably  abstained, 
the  presumption  would  be  very  strong  that  the  impli- 
cated dish  contained  the  poison,  which  was  the  cause  of 
the  illness.  In  outbreaks  of  infectious  illness,  however, 
the  essential  facts  are  always  more  difficult  to  obtain, 
and  when  obtained  are  not  always  directly  recognisable 
as  having  important  relations  to  the  observed  pheno- 
mena, partly  because  the  incubation  period  of  such 
diseases  is  much  longer  than  in  cases  of  acute  irritant 
poisoning,  and  the  incubation  period  itself  is  subject  to 
greater  variation,  and  partly  because  there  is  more  than 
one  possible  cause — often  a  multiplicity — which  have  to 
be  borne  in  mind  by  the  investigator.  This  is  especially 
true  of  epidemics  of  enteric  fever,  where  the  incubation 
period  may  vary  from  seven  to  twenty-one  or  more  days, 
and  the  infective  agent  may  be  introduced  into  the  body 
by  a  variety  of  channels.  To  separate  out  in  a  possible 
period  of  over  a  fortnight,  those  antecedents  in  the  pre- 
vious history  of  an  enteric  fever  patient,  which  are  of 
direct  concern,  from  irrelevant  details  which  can  have 
no  bearing  upon  the  point  at  issue,  is  a  work  which  can 
only  be  adequately  performed   by  a  mind  trained  to 
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The  first  should  be  excluded  as  far  as  exclusion  is 
possible,  before  the  second  is  adopted. 

Sometimes  the  experimental  method  is  available  as 
an  aid  to  the  arrival  at  a  sound  conclusion  of  the  cause 
of  an  outbreak  or  epidemic.  It  occasionally  happens 
that  what  are  to  all  intents  and  purposes  "experiments," 
are  conducted  which  serve  to  verify  hypotheses  pre- 
viously unsubstantiated. 

For  instance  an  outbreak  of  diphtheria  in  a  school  is 
attributed  to  the  presence  of  a  boy  with  a  chronic  nasal 
ulceration  and  discharge.  The  boy  is  sent  to  his  home, 
and  the  outbreak  terminates.  On  his  return  to  school 
some  weeks  later,  other  boys  who  have  relation  of  some 
sort  with  him,  develop  diphtheria,  and  bacterioscopic 
examination  shows  that  the  Klebs-Loeffler  bacillus  is 
present  in  the  nasal  secretion  of  this  boy,  who  has  been 
the  unwitting  carrier  of  infection.  Again  experiment 
on  a  large  scale  has  demonstrated  that  rats  carry  the 
infection  of  plague,  and  are  a  means  of  conveying  it  to 
man,  for  plague-free  ports  in  communication  by  sea  with 
plague  stricken  centres  have  become  invaded  by  plague, 
when  infected  rats  from  ships  entering  the  port  have 
succeeded  in  finding  their  way  ashore.  Again  the  part 
played  by  mosquitoes  (anopheles)  in  the  propagation  of 
malaria  lias  been  strikingly  confirmed  by  experiment 
on  the  human  subject ;  and  the  same  is  true  of  yellow 
fever. 

In  conclusion  it  may  be  said  that  in  any  investigation 
of  a  disease  outbreak,  the  really  important  matter  is  the 
due  appreciation  and  collection  of  all  the  facts,  which 
Iiave  a  bearing  on  tlie  subject,  and  their  marshalling  in 
a  systematic  and  intelligent  manner.  It  maybe  possible 
on  these  foundations  to  hypothecate  a  cause  for  the  out- 
break, but  should  this  be  unasccrtainablc  on  the  facts 
reported,  there  is  no  reason  to  deplore  a  failure,  which 
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attaching  to  it,  upon  the  chance  of  suffering  from   the 
disease  in  point  to  which  the  individual  is  exposed,  and 

•upon    its   severity  when   contracted.      The  practice  of 
vaccination  is  sound,  because  small-pox  is  a  disease  of 
universal  occurrence,  from  wliich  few  unvaccinated  per- 
sons can   hope  to  escape,   and   is   especially  fatal   and 
severe  in  its  effects.     But  no  one  not  especially  exposed 
^L'W'ouId  think  of  l)ein<(  inoculated  for  diseases  of  such  rare 
^poccurrence  as  anthrax  or  rabies.     (2)  The  susceptibility 
^Bof  the  individual  to  tubercle,  erysipelas,  epidemic  pneu- 
^^monia,  diphtheria,  hospitalism,  ophthalmia,  may  be  de- 
creased by  measures  which  promote  the  public  Iiealth — 
^■by  good  drainage,  by  pure  air,  by  pure  water,  by  suffi- 
^■ciency  and  wholesomeness  of  food,  and  by  unpolluted 
soils. 

•  Such  measures  may  be  regarded  as  actually  preven- 
tive of  yellow  fever,  cholera,  enteric  fever,  dysentery  and 
diarrhtca  ;  and  they  are  most  effective  in  modifying  the 
incidence  aud  severity  of  the  specific  eruptive  fevers. 

In  regard  to  this  last  class,  which  occur  for  the 
most    part    in   regularly    recurring   epidemics,   it   is   of 

»the  greatest  importance  that  the  epidemic  shoidd  be 
Stamped  out  at  the  first  onset,  before  the  infection  has 
had  time  to  become  widely  spread.  This  can  only  be 
attained  by  a  system  of  compulsory  noiification  of  a!!  infec- 
tious diseases  to  the  sanitary  authority  of  the  district. 
B  It  will  then  generally  be  possible  to  isolate  the  first 
case  or  cases  of  the  disease  as  they  occur,  to  destroy  the 
infection  already  generated,  and  to  control  the  move- 
ments of  the  individuals  with  whom  the  sick  person 
I  may  have  come  into  contact.  \Vithnut  coinpulsory  noti- 
fication, it  must  almost  necessarily  happen  that  the  dis- 
ease obtains  headway  before  it  is  recognized,  and  then 
the  most  persevering  efforts  too  often  fail  to  obtain  such 
a  control  as  will  prevent  its  widespread  dissemination 
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There  are  many  who  are  in  favour  of  a  greater  ex- 
tension of  the  range  of  notifiable  diseases,  and  would 
advocate  the  notification  of  influenza,  cerebro-spinal 
fever,  dysentery,  ague,  remittent  fever,  glanders,  syphilis, 
septicaemia,  purpura,  tuberculosis,  pneumonia,  and  acute 
rheumatism.  As  preventive  measures  are  not  limited 
to  the  control  of  infective  diseases,  good  results  might 
follow,  and  much  valuable  knowledge  would  accrue  by 
the  adoption  of  some  system  of  compulsory  notification 
of  fton-infectious  illness,  such  as  is  now  advocated  and 
already  practised  in  some  European  countries. 

The  isolation  of  all  cases  of  contagious  disease  must  be 
regarded  as  a  most  desirable  measure,  but  is  absolutely 
indispensable  in  the  case  of  the  epidemic  diseases  with 
air-borne  contagia,  if  it  is  hoped  to  limit  their  spread. 
The  same  applies  to  the  septic  contagious  diseases  of 
hospitals.  Tubercular  diseases  are  rarely  isolated,  but  it 
is  probable  that  such  a  measure  applied  to  tuberculosis 
with  discharges  would  have  a  considerable  effect  in  limit- 
ing their  spread.  The  more  usually  inoculable  diseases^ 
with  the  exceptions  of  leprosy,  where  segregation  of  the 
sick  should  be  rigidly  enforced,  and  of  contagious  oph- 
thalmia— do  not  seem  to  demand  measures  of  isolation. 

.■\ny  attempt  to  prevent  the  importation  of  a  disease 
into  an  unaffected  country  by  quarantine — most  usually 
resorted  to  to  exclude  Asiatic  cholera,  yellow  fever, 
plague,  or  other  Oriental  diseases — is  not  in  this  country 
regarded  as  useful.  The  interference  with  commerce 
and  national  intercourse,  the  horrors  to  which  the  de- 
tained persons  are  exposed  in  quarantine  camps  or  on 
board  ship  with  fever  or  cholera  raging  during  their 
period  of  seclusion,  and  the  uncertainty  attaching  to  the 
period  of  incubation  and  its  maximum  duration  in  these 
diseases,  are  all  reasons  why  the  enforcement  of  rigid 
quarantine  hss  ^iven  way   to  the   more  humane  and 
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rational  system  of  isolation  of  the  sick  as  soon  as  they 
arrive  on  the  frontier  or  (in  our  case)  seaboard,  and  of 
disinfection  of  the  infected  articles  and  of  the  whole 
ship,  with  observation  of  the  movements  of  all  the 
persons  who  leave  the  ship  for  the  period  of  a  fortnight 
or  longer. 

The  isolation  of  the  sick  should  invariably  be  enforced 
in  cases  of  small-pox,  typhus,  scarlet  fever,  diphtheria, 
measles,  and  whooping  cough,  and  this  can  most 
thoroughly  be  carried  out  by  the  removal  of  the  patient 
to  an  infectious  disease  hospital.  A  difficulty  arises  in 
the  case  of  measles  that  the  pre-eruptive  stage  is  infec- 
tious, and  that  before  the  isolation  can  be  effected  other 
persons  have  probably  caught  the  infection.  In  measles 
and  whooping  cough  also,  the  contagion  is  so  diffusible 
and  universal  that  few  can  liope  to  escape ;  and  the 
tender  ago  of  the  sufferers  in  these  and  other  infantile 
complaints  renders  them  less  suitable  for  hospital  treat- 
ment than  is  the  case  with  older  children  and  adults. 

Where  removal  to  hospital  is  not  feasible,  isolation 
must  be  attempted  by  placing  the  patient  in  a  room  by 
himself  at  the  top  of  the  house,  all  communication  with 
the  other  inmates  being  forbidden  :  and  the  acriai  con- 
nection between  the  sick  room  and  the  rest  of  the  house 
must  be  broken  as  much  as  possible  by  hanging  up 
outside  the  door  a  sheet  kept  constantly  soaked  with 
some  disinfectant  liquid.  Nothing  must  be  allowed  to 
pass  out  of  the  sick  room  unless  previously  disinfected, 
and  all  dressings,  poultices,  and  rags  should  be  imme- 
diately burnt  after  use. 

Schools. — Among  the  means  of  spreading  infection  by 
personal  communication,  compulsory  school  attendance, 
affecting  as  it  does  the  most  susceptible  period  of  life, 
occupies  a  prominent  place.  At  the  present  time  we 
are  dependent  in  our  efforts  to  prevent  the  spread  of 

KR  2 


J 


6l2  HYGIENE   AND    PUBLIC    HEALTH. 

infection  in  schools  on  (a)  the  compulsory  information 
supplied  under  the  Infectious  Disease  Notification  Act, 
and  (ft)  on  the  voluntary  information  supplied  by  teachers 
and  others,  as  to  measles  and  whooping  cough,  in  the 
districts  where  these  diseases  are  net  notifiable  com- 
pulsorily.  It  is  now  usual  for  the  Medical  Officer  of 
Health,  on  the  receipt  of  a  notification  of  a  case  of 
infectious  disease  in  the  person  of  a  child  attending 
school,  to  inform  the  school  authorities  of  the  case,  so 
that  all  children  in  the  same  house  attending  school 
may  be  excluded,  until  the  premises  are  declared  free 
from  infection.  If  the  child  attacked  is  removed  at  once 
to  an  isolation  hospital,  the  room,  clothes,  and  bedding 
can  be  at  once  disinfected,  and  the  other  children  may 
be  allowed  to  return  to  school  on  the  expiration  of  the 
number  of  days  corresponding  to  the  maximum  incuba- 
tion period  of  the  disease  in  question.  If  the  child 
attacked  is  kept  at  home  during  its  illness,  the  other 
children  in  the  house  must  be  excluded  from  school 
during  the  whole  period  of  illness  until  the  recovery  of 
the  patient,  and  the  disinfection  of  its  room  and  belong- 
ings. The  diseases  for  which  these  precautions  are 
especially  necessary  are  small-pox,  typhus,  diphtheria, 
scarlet  fever,  measles,  and  whooping  cough.  The  two 
latter,  however,  are  not  usually  notified  to  sanitary 
authorities,  not  being  included  in  the  Infectious  Disease 
Notification  Act  of  1889.  The  same  precautions  are 
obviously  necessary,  moreover,  where  the  case  notified 
is  not  that  of  a  person  attending  school,  but  where 
chililrcn  attending  school  occupy  the  same  house. 

On  its  becoming  evident  to  the  Medical  Officer  of 
Health  of  a  district,  that  an  epidemic  of  scarlet  fever, 
diphtheria,  or  measles  is  threatened,  or  is  being  main- 
tained by  the  opportunities  afforded  for  personal  infec- 
tion owing  to  school   attendance  at  public  elcnuntary 
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schools,  and  lliat  no  otlier  less  <lrasiic  measures  will 
suffice  for  the  suppression  of  the  epidemic,  it  is  his  duty 
to  advise  his  sanitary  authority  to  exercise  its  powers 
under  Article  88  of  the  Education  Code  (1890),  to  compel 
the  closure  of  one  or  more  of  the  public  elementary 
schools  for  a  specified  time.  Such  measures  are  especi- 
ally useful  in  rural  districts,  where  school  is  often  a 
centre  where  children  from  scattered  hamlets  meet,  who 
would  not  otherwise  be  brought  into  contact  with  each 
other.  In  towns,  school  closure  is  often  less  efficacious 
in  eradicating  an  epidemic,  as  the  children  when  not  at 
school  are  liable  to  meet  in  the  streets  for  play,  or  in 
each  other's  houses,  and  thus  propagate  infection.  At 
the  same  time,  it  is  clear  that  infection  is  less  likely  to 
be  imparted  in  a  wholesale  manner  under  these  con- 
ditions than  under  the  conditions  of  close  crowding  and 
inefficient  ventilation  prevailing  in  most  Board  schools. 
It  may  also  be  necessary  to  obtain  the  closure  uf  Board 
schools  for  defective  sanitary  arrangements,  which  appear 
to  have  some  connection  with  illness  such  as  enteric 
fever,  diarrhcea,  or  diphtheria,  occurring  amongst  the 
scholars. 

To  enable  a  decision  to  be  arrived  at  as  to  what  extra 
measures  are  called  for,  in  order  to  reduce  the  spread  of 
infection  at  schools,  it  is  necessary  lo  appreciate  the  fact 
that  a  larger  part  of  the  spread  residts  from  undiagnosed 
mild  cases,  attending  school,  than  Irom  cliildren  resuming 
school  attendance  too  soon  after  the  disease  has  been 
diagnosed  and  treated.  The  measure  which  has  met 
with  most  favour,  and  which  is  in  actual  operation  in 
Germany  and  in  America,  is  to  submit  the  scholars  to 
repeated  medical  inspections.  These  inspections  should 
be  performed  by  a  medical  man  appointed  to  each 
district,  who  in  non-epidemic  times  will  examine  the 
scholars,  say  twice  a  year,  with  the  view  of  detecting 
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In  former  times  this  crowding  together  of  the  sick  in 
hospitals  led  to  outbreaks  of  erysipelas,  pyaemia,  and 
hospital  gangrene  in  the  surgical  wards,  the  contagion 
appearing  to  be  conveyed  from  one  patient  to  another 
through  the  air,  or  by  means  of  the  surgeon's  hands  or 
instruments  when  engaged  in  dressing  wounds.  The 
antiseptic  treatment  of  wounds  and  injuries,  and  the 
greater  care  bestowed  on  the  construction  and  manage- 
ment of  hospitals,  have  nearly  eradicated  these  terrible 
diseases  from  modern  hospital  practice ;  but  when  from 
any  cause  the  surgical  wards  of  hospitals  are  over- 
crowded, and  the  cleanliness  and  frequent  dressings  of 
wounds  cannot  be  attended  to,  these  septic  diseases  are 
almost  sure  to  make  their  appearance  and  cause 
frightful  havoc. 

It  has  often  been  noticed  that  cases  of  open  wounds 
from  injury  or  operation  recover  far  more  rapidly  when 
treated  in  the  open  air,  or  in  huts  and  tents  practically 
open  to  the  air,  than  when  confined  in  close  buildings 
and  the  same  is  true  of  cases  of  acute  infectious  disease, 
For  such  cases  the  breathing  of  pure  air  is  a  prophy 
lactic  worth  more  than  all  the  drugs  in  the  Pharma 
copoeia.     For  the  cases  of  organic  disease  of  importan 
viscera,  which  are  treated  in  medical  wards,  the  bene 
ficial  effects  of  pure  air,  though  not  equally  striking,  are 
not  unimportant,  although  in  these  cases  pure  air  and 
thorough  ventilation  must  often  be  subordinated  to  con- 
siderations of  warmth  and  moisture. 

The  first  principle,  then,  in  hospital  construction  and 
management  is  bound  up  in  an  abundant  supply  of  pure 
air  to  the  patients.  The  putrescent  organic  effluvia 
from  the  skins  and  lungs  of  sick  persons,  which,  if  not 
more  copious,  are  certainly  more  deleterious  than  those 
from  healthy  people,  must  be  diluted  with  fresh  air  and 
rapidly  carried  away.    For  each  patient  in  a  medical 
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two  beds  (themselves  3  feet  wide  and  5}  feet  long)  will 
be  5  feet.  The  width  of  25  feet  is  a  convenient  one. 
as  it  allows  a  passage  11  feet  wide  between  the  two 
rows  of  beds  for  the  whole  length  of  the  ward,  and  per- 
mits of  thorough  cross  ventilation  between  the  opposite 
windows,  and  the  flooding  of  every  part  of  the  ward 
with  daylight. 

To  provide  the  30,000  cubic  feet  of  air  space  the 
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Flo.  88.— Diagrams  of  Oblong  and  Circular  Wards, 
water-cluaeta,  baths,  and  sinks. 


A ,  Turret  blocks  for 


ward  must  be  10  f^et  high.  It  would  be  better  to  have 
the  height  of  the  ward  12  feet,  which  would  allow  1,200 
cubic  feet  of  air  space  per  patient.  Any  height  above 
14  or  15  feet  is  useless  for  purposes  of  ventilation,  and 
should  be  discounted  in  calculating  the  cubic  space  per 
head. 

The  circular  ward  system    (fig.  88)  has  been  much 
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suited  for  those  intended  for  infectious  diseases.  The 
pavilions  are  connected  witli  one  another  and  with  the 
administrative  blocks  by  corridors  whicli  are,  or  may  be, 
open  to  the  air  ;  and  all  risk  of  transference  of  foul  air 
and  effluvia  from  one  ward  to  another  is  avoided,  In 
large  towns  a  certain  amount  of  crowding  on  a  limited 
area  is  indispensable,  and  wards  of  two  or  more  storeys 
in  height  must  be  built.  Even  in  these,  the  system  of 
disconnected  pavilions  should  be  aimed  at,  and  the  stair- 
cases require  careful  planning  to  prevent  them  acting  as 
sliafts  for  the  passage  of  air  from  one  ward  to  another. 
The  external  air  space  around  the  wards  should  be 
ample,  and  overshadowing  by  high  buildings  in  the 
neighbourhood  must  be  carefully  avoided. 

Provision  should  be  made  for  the  entrance  of  warmed 
fresh  air  in  winter;  this  may  be  effected  by  Gallon's 
ventilating  open  fireplace,  or  by  a  ventilating  stove  or 
stoves  placed  in  the  centre  of  the  ward.  Hot  water 
pipes  should  also  be  placed  in  the  ward,  as  they  may  be 
required  during  very  cold  weather,  or  for  the  treatment 
of  cases  where  much  warmth  is  desired.  They  should 
be  placed  in  a  position  convenient  of  access  for  cleansing 
any  space  behind  or  below  them,  and  should  not  be 
fixed  in  channels  or  chased  recesses  in  walls  or 
floors. 

To  secure  the  best  kinds  of  natural  ventilation,  the 
ward  should  have  opposite  windows  reaching  nearly  to 
the  ceiling,  and  the  upper  portion  of  each  window  should 
be  made  to  revolve  on  its  lower  border  into  the  ward,  so 
as  to  admit  fresh  air  during  warm  weather  in  an  upward, 
slanting  direction.  It  is  also  very  desirable  to  have  an 
inlet  for  fresh  air,  which  can  be  warmed  in  winter,  close 
to  the  floor  at  the  head  of  each  bed,  in  order  to  ventilate 
the  space  under  the  bed,  and  at  once  carry  away  the 
respired  air  and  eftlavia  from  each  patient.     For  the 
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means,  if  disconnection  of  waste  pipes  and  ventilation 
of  soil  pipes  are  properly  attended  to,  there  is  no  risk  of 
foul  drain  air  gaining  access  to  the  ward.  Proper  hospital 
slop  sinks  are  necessary  for  washing  and  emptying  bed 
pans,  spittoons,  and  urine  slippers.  They  should  be 
made  of  porcelain  or  enamelled  fire  clay,  should  be  of 
large  size,  at  least  15  inches  square  at  the  top,  and 
should  be  flushed  from  a  water-waste  preventer. 

Almost  as  important  as  good  ventilation  is  the  pro- 
vision of  internal  surfaces  (walls,  floors,  and  ceilings)  to 
the  wards,  which  will  not  hold  or  absorb  organic  effluvia. 
The  occurrence  of  erysipelas  and  surgical  fever  has  been 
attributed — and  probably  rightly  so — to  wooden  floors 
with  chinks  and  crevices  between  the  boards.  The 
organic  matters  from  poultices  and  dressings  find  their 
way  into  these  crevices,  and  accumulate  under  the 
flooring. 

The  floors  of  the  wards  should  be  covered  with  oak 
parqueterie,  or  with  solid  wood  block  flooring  without 
chinks  or  cracks,  laid  on  a  bed  of  concrete.  The  sur- 
face should  be  painted,  or  stained  and  varnished,  and 
kept  clean  without  washing.  The  parqueted  floors 
should  be  oiled  and  beeswaxed,  or  melted  paraffin  may 
be  ironed  into  the  woodwork,  which  it  penetrates  for 
about  i  inch,  forming  an  unbroken  surface,  which 
remains  good  for  years.  It  is  most  essential  to  avoid 
washing  floors  with  water.  The  air  of  the  wards  is  by 
this  means  chilled  from  evaporation  when  the  floor  is 
drying.  All  cornices,  corners,  and  ledges  should  be 
avoided  in  the  wards,  and  all  angles  rounded  off,  so  as 
to  offer  every  facility  for  cleansing. 

Tiic  wall  surfaces  should  be  impermeable.  Glazed 
brickwork  or  glazed  tiles  set  in  Portland  cement  afford, 
perhaps,  the  best  and  most  easily  cleaned  surface. 
But  the  walls  may  also  be  coated  with   cement  and 


p 


522  HYGIENE    AND    PUBLIC    HEALTH. 

paint,  or  even  distempered  if  tiles  are  too  costly. 
Ceilings  may  be  cemented,  or  lime  washed  several 
times  a  year. 

The  bedsteads  should  be  of  iron,  with  spring  wire 
mattresses,  and  in  the  surgical  wards  provided  with 
movable  fracture  boards.  It  is  very  important  to  reduce 
the  furniture  of  the  ward  to  a  minimum,  and  to  allow  no 
curtains,  hangings,  or  drapery  of  any  sort. 

Excreta,  sputa,  dirty  dressings,  and  poultices  must 
be  removed  from  the  wards  at  very  frequent  intervals. 
In  the  case  of  infectious  disease  hospitals,  it  is  very 
desirable  that  these  refuse  matters  should  be  destroyed. 
This  can  be  done  by  means  of  a  small  destructor  furnace 
in  connection  with  the  boiler  house  or  heating  furnace 
of  a  large  hospital. 

No  harm  has  been  shown  to  result  from  allowing  the 
drains  from  a  fever  hospital  to  empty  into  the  public 
sewer,  or  from  the  slop  waters  being  disposed  of  by 
sub-irrigation. 

For  the  exercise  of  the  patients,  covered  balconies  on 
the  southern  or  western  aspect  of  the  building  should  be 
provided  ;  and  in  large  towns,  where  space  for  a  garden 
is  wanting,  a  flat  roof  affords  a  valuable  exercise  and 
recreation  ground. 

In  some  of  the  more  recently  constructed  hospitals,  it 
has  been  found  convenient  to  place  the  kitchens  and 
sculleries  at  the  top  of  the  building,  and  to  use  gas  and 
steam  for  all  culinary  purposes. 

livery  town  should  have  hospital  accommodation  for 
the  isolation  of  cases  of  infectious  disease.  The  amount 
of  accommodation  required  will  depend  upon  the  char- 
acter of  the  population  and  the  rate  of  its  increase,  the 
housing  and  the  habits  of  the  people,  and  the  amount  of 
intercourse  with  other  places  from  which  infectious  dis- 
ease may  be  introduced  ;  but  it  may  be  stated  generally 
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that  there  should  be  at  least  one  bed  to  every  1,000  of 
the  population,  when  this  is  largely  composed  of  the 
industrial  classes.  The  one-storeyed  pavilion  system 
is  most  suitable  for  infectious  disease  hospitals;  and 
separate  pavilions  should  be  set  aside  for  the  separate 
accommodation  of  each  different  disease  to  be  treated. 
A  site  should  be  chosen  outside  the  town,  in  a  thinly 
populated  neighbourhood,  with  a  southern  exposure,  a 
dry  subsoil,  a  good  fall  for  drainage,  and  easy  of  access 
from  the  town.  The  best  arrangement  is  to  place  the 
pavilions  on  a  north  and  south  line,  with  easterly  and 
westerly  aspects,  so  that  every  side  can  receive  sunshine. 

In  epidemic  periods  it  may  be  necessary  to  supple- 
ment existing  hospital  accommodation,  and  for  this 
purpose  tents  (in  summer)  or  huts  of  galvanized  iron, 
wood,  Willesden  waterproof  material,  or  Doecker's 
material  (a  waterproof  composition  resembling  leather), 
can  be  erected.  Huts  of  the  three  last  materials  are 
preferable  to  iron,  as  they  are  easier  to  warm.  The 
floors  should  be  raised  a  foot  from  the  ground,  and  the 
ridge  of  the  roof  should  be  used  for  ventilation  as  well 
as  the  windows.  If  these  huts  are  constructed  with 
hollow  walls,  the  temperature  in  cold  weather  can  be 
properly  maintained  with  efficient  ventilation — a  difficult 
task  without  hollow  walls,  owing  to  thinness  of  the 
materials.  As  the  wood  and  waterproof  compositions 
used  in  the  construction  of  these  hut  hospitals  are  liable 
to  rot  and  decay,  they  can  only  be  regarded  as  tem- 
porary structures,  and  as  soon  as  the  emergency  which 
necessitated  their  erection  is  over,  they  are  best  pulled 
down  and  destroyed. 

As  the  late  Sir  Richard  Thome  pointed  out,  the 
provision  for  isolating  infectious  cases  is  best  carried 
out  with  deliberation  in  non- epidemic  periods.  A 
memorandum  of  the  Local  Government  Board  states 
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Hospital  buildings  will  include  ward  blocks,  an 
administrative  block  for  the  housing  of  the  staff  and 
stores,  and  out- offices,  such  as  laundry,  mortuary,  and 
disinfecting  station.  The  administrative  block  should 
be  placed  so  as  to  control  the  entrance  to  the  hospital 
grounds  in  the  absence  of  a  porter's  lodge,  and  it  should 
be  built  on  a  scale  somewhat  in  excess  of  what  may  be 
first  required,  so  that  it  will  be  sufficient  for  future  ex- 
tensions of  the  hospital.  The  drains  from  each  ward 
block  should  be  trapped  from  the  common  drain,  and 
separately  ventilated. 


ss 


HYGIENE   AND    PUBLIC    HEALTH. 


CHAPTER    X. 


DISINl-ECTION. 

As  already  mentioned,  the  virus  of  a  contagious  disease 
undergoes  enormous  multiplication  in  the  body  of  the 
sick  person,  and  is  cast  off  during  the  period  of  illness 
in  the  discharges  and  secretions,  in  the  breath  and 
from  the  skin.  The  contagion  infects  the  air  around 
the  patient,  and  infects  the  clothes  and  furniture  of  the 
sickroom.  Disinfection  aims  at  the  destruction  of  the 
virus  in  these  various  situations. 

In  the  first  place,  it  would  be  natural  to  suppose  that 
the  infective  particles  might  be  destroyed  before  leaving 
the  body,  or  as  soon  as  they  are  carried  into  the  air. 
But  except  in  the  case  of  scarlet  fever,  wliere  inunctions 
of  carbolized  oil  to  the  surface  of  the  body  may  prevent 
the  desquamating  skin  acting  as  a  source  of  infection, 
it  is  evident  that  chemical  reagents  strong  enough  to 
destroy  specific  micro-organisms  would  cause  injury 
when  taken  into  the  system,  or  when  diflfused  into  the 
air  around  the  patient.  Where  the  virus  is  only  con- 
tained in  the  evacuations,  as  in  enteric  fever,  these  can 
be  at  once  disinfected  by  chemical  solutions ;  but  in  the 
case  of  the  other  common  infectious  maladies  complete 
disinfection  is  only  possible  when  the  patient  is  conva- 
lescent and  no  longer  a  source  of  infection  himself. 

No  agent  can  be  regarded  as  a  disinftctant  unless  it  is 
capable  of  destroying  the  organisms  with  which  it  is 
brought  into  contact ;  agents  which  merely  inhibit 
bacterial  growth  and  prevent  decomposition,  being  less 
powerful   than  disinfectants,  are  known  as  antiuptics; 
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while  others,  such  as  charcoal,  which  oxidize  or  absorb 
odorous  products,  are  termed  deodorants.  Liquid  disin- 
fectant preparations  are  preferable  to  solid,  for  they  can 
be  much  more  efficiently  distributed  ;  and  until  a  solid 
disinfectant  is  in  solution,  it  is  powerless  to  act  directly 
upon  organisms,  No  gas  or  vapour,  employed  at  the 
current  temperature  and  pressure  of  a  dwelling  room, 
possesses  such  powers  of  penetration  as  would  make  it 
an  efficient  disinfectant  of  textile  fabrics.  The  linal 
results  attained  in  disinfection  are  greatly  influenced  by 
the  nature  of  the  material  to  be  disinfected.  Infectious 
organisms  are  always  in  association  with  a  greater  or 
less  amount  of  other  inert  matter  under  natural  condi- 
tions ;  and  the  practical  question  which  has  to  be 
answered  is : — What  is  the  required  strength  of  any 
disinfecting  agent  to  insure  destruction  of  a  given  infec- 
tion in  its  natural  environment  ? 

Disinfection  may  be  carried  out  in  several  ways  :^ 

1.  By  exposure  to  high  temperatures  (fire,  hot  air, 
steam,  boiling). 

a.  By  the  action  of  oxidizing  agents  (atmospheric  air, 
ozone,  nitric  peroxide,  peroxide  of  hydrogen,  chlorine, 
chlorates,  bleaching  powder,  &c.)  Oxygen  burns  up  all 
organic  matter  into  carbonic  acid,  ammonia,  and  water  ; 
it  exercises  no  selective  influence  on  bacteria.  Certain 
organisms  die  at  once  in  atmospheres  containing  oxy- 
gen ;  some  cannot  exist  in  the  absence  of  oxygen, 
while  others  are  indifferent  either  to  its  presence  or 
absence. 

Fresh  air  is  universally  regarded  as  a  powerful  if  slow 
disinfectant.  Its  powers  in  this  respect  are  mainly  due 
to  the  molecular  oxygen  contained  in  it ;  if,  however, 
oxygen  can  be  liberated  in  a  nascent  atomic  condition, 
its  activity  considerably  exceeds  that  of  atmospheric 
oxygen.      The  disinfectant  properties  of  fresh  air  are 
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to  substances  like  carbolic  acid,  which  have  greater  per- 
manence of  action,  and  exert  a  direct  toxic  effect  upon 
organisms.  In  practice,  no  agent  of  the  kind  which 
does  not  perform  its  functions  within  a  limit  of  about 
thirty  minutes  can  be  regarded  as  satisfactory.  Pre- 
ference should  be  given  to  one  which  is  non-poisonous 
to  the  higher  forms  of  animal  life,  cheap,  readily  soluble 
in  water,  and  otherwise  convenient  in  use. 

Burning.— This,  the  most  efficient  means  of  disinfec- 
tion, can  be  applied,  often  in  the  sick  room  itself,  to  all 
articles  of  little  or  no  value.  Rags  used  for  receiving 
the  discharges  from  the  mouth  and  nose,  or  from  the 
open  wounds  of  patients  in  an  infectious  state,  should 
be  promptly  placed  upon  the  lire,  before  they  have  time 
to  become  dry.  Old  mattresses,  pillows,  and  other 
large  articles  which  arc  not  required  for  further  use 
should  be  saturated  with  paraflin  and  burned.  This  is 
generally  done  in  the  small  destructor  which  forms  part 
of  a  disinfecting  station.  The  stools  of  cholera  and 
enteric  fever  patients  may  be  cremated;  if  no  destructor 
be  available  for  the  purpose,  they  must  be  mixed  with 
plenty  of  sawdust,  and  the  mixture  then  saturated  with 
parafhn  and  ignited. 

Boiling. — Infectious  material  whicli  can  be  boiled  for 
twenty  minutes  is  thereby  as  a  rule  efficiently  disin- 
fected ;  but  there  is  evidence  that  some  of  the  more 
resistant  organisms  (B.  iiibcrailosis,  B.  anthracis,  and  the 
streptococci  of  puerperal  fever)  may  resist  boiling  for  longer 
periods.  This  method  is  most  frequently  employed  for 
the  purpose  of  disinfucting  bed  and  body  linen.  It  is 
important  tu  bear  in  mind  that  if  the  articles  are  stained 
with  albuminous  matter,  such  as  blood  or  faeces,  the 
boiling  tends  to  fix  the  stains ;  on  this  account  the 
stains  should  first  be  removed  by  soaking  in  cold  water, 
and,  if  necessary,  by  rubbing  with  a  little  soap. 
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Dry  heat  is  serviceable  for  articles  of  leather,  morocco, 
indiarubber,  and  fur,  books,  and  some  other  objects,  the 
gloss  of  which  is  lost,  or  impaired,  by  the  employment  of 
the  more  efficient  method  next  to  be  described. 

Steam. — Steam  under  pressure  penetrates  into  bulky 
and  badly  conducting  articles,  such  as  mattresses, 
pillows,  and  clothing,  far  more  rapidly  than  dry  heat. 
As  such  steam  penetrates  into  the  interstices  of  a  cold 
body,  it  undergoes  condensation,  and  imparts  its  latent 
heat  instantaneously  to  the  cold  objects  in  contact  with 
it.  When  thus  condensed  into  water,  it  occupies  only  a 
very  small  fraction  (about  -nj^)  of  its  former  volume. 
To  fill  the  vacuum  thus  formed,  more  steam  presses 
forward,  in  its  turn  yielding  up  its  latent  heat  and 
becoming  condensed,  and  so  on  until  the  whole  mass 
has  been  penetrated.  On  the  other  hand,  hot  air  in 
yielding  up  its  heat  undergoes  contraction  in  volume 
only  to  a  very  small  extent  as  compared  with  that 
undergone  by  steam  in  condensing  to  water. 

Body  lice  and  their  eggs  are  destroyed  by  exposure  to 
steam  at  100°  C.  for  ten  minutes,  or  to  boiling  water  for 
five  minutes. 

The  various  stoves  now  employed  for  disinfecting  by 
steam  may  be  classified  as  follows : 

1.  Stoves  in  which  steam  without  pressure  is  em- 
ployed. These  are  of  course  cheaper,  but,  as  the 
temperature  of  the  steam  does  not  exceed  100°  C, 
less  efficient  than — 

2.  Those  in  which  steam  at  low  pressure  (2,  3,  or  5 
pounds  per  square  inch)  is  used.  Although  the  tempera- 
ture of  110°  C,  which  can  be  reached  by  these  stoves,  is 
generally  sufficient,  a  higher  temperature  can  never  be 
employed  in  them.  These  stoves,  though  cheaper,  are 
therefore  less  efficient  than — 

3.  Thos?  in  which  ste^m  at  high  pressure  (10  poupds 
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properties  of  a  gas,  and  will  not  condense  until  it  has 
parted  with  all  its  "  superheat "  by  the  slow  process  of 
conduction ;  whereas  saturated  steam,  lieing  a  vapour, 
condenses  at  once  on  objects  which  are  but  slightly 
cooler  than  itself.  Since  penetration  depends  upon 
condensation,  the  disinfectant  value  of  superheated 
steam  does  not  mucl;  exceed  that  of  dry  air.  The 
amount  of  "superheat,"  however,  which  is  generally 
given  to  the  steam  in  practice  is  not  sufficient  to  cause 
it  to  act  very  differently  from  saturated  steam. 

Steam,  therefore,  should  not  be  superheated,  or  only 
to  so  slight  an  extent  that  it  can  at  once  condense  upon 
any  object  slightly  cooler  than  itself. 

The  further  requirements  of  a  steam  disinfecting 
apparatus  are  as  follows : 

1.  Satisfactory  provision  must  be  made  to  insure  that 
the  infected  articles  are  not  allowed  to  become  too  wet, 
as  otherwise  colours  are  liable  to  run ;  and  the  disinfected 
articles  should  be  fairly  dry  on  removal. 

2.  The  steam,  which  should  be  free  from  air,  should 
be  quickly  and  uniformly  distributed  throughout  the 
chamber  at  the  maximum  temperature  required, 

3.  The  apparatus  must  not  be  too  expensive,  either  as 
to  its  first  cost,  its  upkeep,  or  its  working ;  and  its  con- 
struction must  be  such  as  to  combine  simplicity  of 
design  with  facility  of  management — so  that  highly 
skilled  labour  is  not  an  absolute  essential. 

The  time  required  for  disinfection  by  steam  obviously 
depends  on  the  organism  to  be  destroyed,  the  bulk  of  the 
infected  articles,  and  the  pressure  of  the  steam  employed. 
The  best  researches  indicate  a  temperature  of  115°  to 
iao°  C.  for  twenty  minutes,  as  alone  trustworthy  in  all 
cases. 

By  bearing  the  foregoing  facts  in  mind,  an  opinion 
upon  the  suitability  and  efficiency  of  any  steam  disin- 
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air  (heated  by  steam,  so  as  to  limit  tlie  temperature  and 
guard  against  scorching)  can  be  drawn  into  the  chamber, 
and  this  much  facilitates  the  drying  of  the  articles. 
Steam  exhausts  are  employed  in  some  apparatus  to 
produce  a  partial  vacuum  in  the  chamber  prior  to  the 
admission  of  the  steam,  and  these  greatly  promote,  by 
the  withdrawal  of  air,  the  rapidity  of  penetration.  One 
of  these  stoves,  of  medium  size,  costs  about  £250. 

The  stove  made  by  Manlove,  Alliott  and  Co.,  is  oval 
on  section  and  the  steam  is  lead  into  the  jacket  and  the 
chaniber  of  the  stove  from  a  special  detached  boiler. 

The  Equifex  Disinfedor  is  a  non-jacketed  cylinder,  into 
which  steam  at  a  pressure  of  10  pounds,  and  a  tempera- 
ture of  about  1 15"  C  ,  is  admitted.  Tlie  steam  which 
first  enters  is  allowed  to  blow  off,  so  as  to  displace  the 
air  in  the  chamber  ;  and  the  pressure  of  the  steam  can 
be  intermitted  so  as  to  facilitate  penetration.  Con- 
densation upon  the  walls  of  the  cylinder  is  prevented  by 
an  arrangement  of  coils  containing  steam  at  high  pres- 
sure ;  and  articles  are  subsequently  dried  by  hot  air. 
A  low  pressure  apparatus  is  also  made  of  the  Equifex 
type.     A  medium  size  Equifex  stove  costs  about  /"210. 

Reek's  Stove  is  a  non-jacketed  cylinder,  in  which  cur- 
rent steam  is  employed  at  about  ij  pounds  pressure 
(about  105°  C.)  and  therefore  articles  require  exposure 
to  it  for  at  least  one  hour.  The  apparatus  is  very 
simple  and  handy.  Its  special  feature  is  an  arrange- 
ment for  the  introduction  at  the  top  of  the  chamber  of 
a  shower  of  cold  water,  which  falls  upon  an  umbrella- 
shaped  plate,  and  is  thus  diverted  from  tlie  articles 
which  have  been  disinfected.  The  sudden  introduction 
of  the  cold  shower  after  the  goods  have  been  disinfected 
causes  a  rapid  condensation  of  all  live  steam,  which  is 
carried  away  with  the  water  through  an  outlet  in  the 
bottom  of  the  stove,  air  entering  automatically  through 
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a  valve  in  the  front  of  the  apparatus  to  restore  the ' 
partial  vacuum  produced  by  the  condensation  of  the 
steam.  In  this  way  the  chamber  is  freed  of  the  steam, 
and  the  articles  are  dried  ;  but  the  drying  is  not  quite 
so  complete  as  in  most  other  forms  of  apparatus.  Re- 
cently this  stove  has  been  improved  by  surroumling  the 
disinfecting  chamlier  with  a  water-jacket,  by  which 
sufficient  heat  is  retained  to  dry  the  clothes  when  air] 
is  admitted. 

Thresh's  Siove. — Here  current  steam  is  employed,  with^J 
out  pressure,  at  a  temperature  of  about  105°  C,  the 
"  superheat "  being  obtained  by  using  in  the  boiler  al 
calcium  chloride  solution,  the  boiling  point  of  which  i&j 
considerably  above  that  of  water.  The  lower  part  o( 
the  jacket  of  the  cylinder,  which  contains  the  saline 
solution,  acts  as  the  boiler,  and  is  heated  by  a  small 
furnace.  The  steam,  which  enters  the  chamber,  escapes 
continuously  through  a  chimney.  For  the  subsequent 
displacement  of  the  steam  and  for  the  drying  of  tlie 
articles,  hot  .air  is  drawn  into  the  chamber  through  afl 
coil  of  tubes,  which  is  surroimded  and  heated  by  the 
boiling  solution.     The  medium  size   stove  costs  about 

Steam  disinfectors  are  made  portable,  so  that  they 
may  be  taken  to  infected  premises,  or  be  moved  from 
village  to  village.  Their  cost  varies  from  about  60  toi 
150  guineas,  according  to  the  size. 

In  all  those  apparatus  in  which  steam  is  employed  at 
a  low  pressure  or  in  a  superheated  form  (i.«'.,  at   tem- 
peratures not  exceeding  u>4°  to  no"  C),  objects  should  ^ 
be  exposed  for  at  least  one  hour.  ■ 

A  disitifccting  staiioH  should  comprise  : 

I.  Two  rooms  completely  separated  from  each  other 
by  a  wall,  into  which  the  stove  is  built,  so  that  it  com*H 


niunicates  with  both  rooms.     The  infected  articles  are 
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brought  into  one  room  and  placed  in  the  stove,  and 
after  disinfection  they  are  removed  from  the  otlitT  end 
of  the  stove,  which  opens  into  the  non-iufected  room. 
No  infectious  material  must  be  allowed  to  enter  the 
non-infected  room,  and  tlierc  should  be  no  direct  means 
of  communication  between  it  and  the  infected  room. 
The  floors  and  walls  of  both  rooms  should  be  made  of 
some  smooth  and  non-porous  material,  which  can  be 
readiiy  and  efficiently  cleansed  by  water ;  and  excep- 
tionally good  provision  should  be  made  for  ventilation 
and  light. 

2.  An  incinerator  or  destructor,  provided  with  a  small 
second  fire  to  cremate  the  products  of  imperfect  com- 
bustion before  they  pass  up  the  flue. 

3.  Separate  sheds  must  be  provided  for  (a)  vans 
employed  to  bring  in  infected  articles,  and  (b)  those 
employed  to  return  the  disinfected  articles. 

4.  A  laundry  and  bath  room  sometimes  form  part 
of  a  disinfecting  station,  a  charge  being  made  for  any 
laundry  work  undertaken. 


Liquid  Disinfectants, 

Solutions  of  the  following  subtances  are  employed  : 
Perchloride  of  Mercury  (HgCl^,  corrosive  sublimate). — 
This  is  one  of  the  most  powerful  and  one  of  the  most 
convenient  disinfectant  agents  known.  It  forms  a 
colourless,  non-odorous  solution,  which  is  poisonous  to 
human  beings  and  exerts  a  corrosive  efl'ect  upon  metals. 
Unless  the  solution  is  acidulated,  it  has  a  marked  pre- 
cipitating effect  upon  albumin,  and  its  powers  of  pene- 
tration into  the  interior  of  particles  of  organic  matter 
are  thereby  limited. 

It  acts  as  a  direct  poison  to  bacteria,  and  also  exerts 
its  disinfectant  action  by  coagulating  their  protoplasm. 
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Phenols  are  poisonous,  possess  a  caustic  action,  and 
coagulate  albumin. 

Carbolic  Acid  (C^HeO)  is  the  member  of  the  group 
most  employed  for  disinfectant  purposes,  although  its 
powers  are  slightly  inferior  to  those  of  cresylic  acid 
{CjHsO).  It  is  not  a  true  deodorant,  but  it  masks 
offensive  gases  and  vapours  by  its  own  strong  and  un- 
pleasant odour.  A  5  per  cent,  solution  at  least  must  be 
employed  against  resistant  organisms.  Many  trade  pro- 
ducts, consisting  of  oils  procured  from  the  destructive 
distillation  of  coal,  are  on  the  market  (hil,  Okol,  &c.), 
and  they  for  the  most  part  possess  disinfectant  value 
similar  to  that  of  carbolic  acid.  They  are  dark  brown 
liquids  which,  when  added  to  water,  form  milky  emul- 
sions, one  advantage  in  their  use  being  that  they  are 
practically  non-poisonous,  and  somewhat  cheaper  than 
pure  carbolic  acid.  Isal,  a  body  allied  to  the  phenols  of 
the  carbolic  acid  series,  is  a  valuable  disinfectant.  It  is 
as  powerful  as  carbolic  acid,  and  is  practically  non- 
poisonous.  It  mixes  well  with  water  and  has  an  agree- 
able odour.  According  to  Klein  an  emulsion  of  i  in  200 
disinfects  non-spore  bearing  organisms  in  5  minutes, 
and  a  10  per  cent,  solution  kills  even  the  virulent  spores 
of  Bacillus  anthracis  in  about  15  minutes,  .\mong  the 
emulsions  containing  cresols  is  yeyes"  Disinfectant  Fluid 
and  Creoltn.  Snprol  is  a  dark  brown  oily  fluid,  much 
used  in  Germany  ;  it  appears  to  be  of  similar  strength 
to  carbolic  acid,  and  possesses  the  advantage  that,  while 
its  contained  phenols  mix  with  liquids,  an  oily  film  floats 
over  their  surfaces. 

Chloride  of  Lime  (CaCljO,  bleaching  powder)  is  a  mix- 
ture of  chloride  and  hypochlorite  of  calcium,  and  con- 
tains about  35  per  cent,  of  available  chlorine.  It  gives 
off  a  most  unpleasant  odour.  Chloride  of  lime  solution 
is  made  by  first  stirring  up  the  bleaching  powder  with 
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powerful  deodorizing,  but  weak  and  unstable  disinfectant 
solution. 

Hydrochloric  and  other  mineral  acids  are  markedly 
disinfectant  when  employed  in  such  strengths  as  will 
give  the  solution  a  marked  acid  reaction. 

Iodine  Trichloride  (ICI3)  in  solution  is  a  more  powerful 
disinfectant  than  a  hypochlorite,  but  the  strength  at 
which  it  may  safely  be  employed  has  not  yet  been  satis- 
factorily determined. 

Sulphate  of  Copper  (CuSO^). — In  5  per  cent,  solution  this 
salt  is  a  powerful  disinfectant,  but  little  inferior  to  the 
perchloride  of  mercury.  It  acts  by  coagulating  albumin 
and  by  exerting  a  poisonous  action  on  bacteria.  It  will 
absorb  ammonia,  the  compound  ammonias,  sulphuretted 
hydrogen,  &c.,  and  is  therefore  a  useful  deodorant. 

Chloride  of  Zinc  (ZnCl,)  is  a  poisonous  salt  with  very 
similar  properties  to  those  of  sulphate  of  copper.  A 
10  per  cent,  solution,  to  which  a  little  hydrochloric  acid 
has  been  added,  should  be  employed  where  spores  are 
concerned,  but  5  per  cent,  will  suffice  for  non-spore 
bearing  bacteria ;  it  has,  however,  a  corrosive  action  if 
used  in  solutions  containing  much  more  than  5  per  cent, 
of  the  salt.  Its  disinfectant  powers  are  somewhat  in- 
ferior to  those  of  sulphate  of  copper,  but  they  are  far 
superior  to  those  of  ferrous  sulphate.  "  Burnett's  Fluid  " 
contains  about  50  per  cent,  of  ZnClj. 

Ferrous  Sulphate  (FeSO^yHjO,  Green  Copperas)  acts 
mainly  by  its  reducing  action  while  taking  up  oxygen  to 
become  a  ferric  salt.  It  is  a  feeble  disinfectant  unless 
used  in  great  strength  (20  to  30  per  cent.),  but  it  is  a 
good  deodorant,  absorbing  ammonia  and  sulphuretted 
hydrogen.  In  practice  it  is  suitable  only  for  excreta,  as 
it  stains  badly,  and  tends  to  form  iron  moulds.  The 
same  general  remarks  apply  to  Fe,Cl6,  which  is,  how- 
ever, a  feeble  oxidizer. 
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destroying  non-spore  bearing  organisms  in   10  minutes. 
It  is  one  of  the  less  powerful  disinfectants. 


Gaseous  Disinfectants. 

Formic  aldehyde  is  also  used  as  a  gaseous  disin- 
fectant. The  aldehyde  vapours,  which  ar^  non-poison- 
ous, but  very  irritating  to  the  eyes  and  throat,  are 
powerful  disinfectants  and  deodorants.  So  far  as  their 
application  for  the  purpose  of  the  surface  disinfection 
of  rooms  is  concerned,  they  may  be  regarded  as  likely 
to  fulfil  all  the  requirements  of  everyday  practice,  if 
they  are  employed  in  sufficient  quantities.  Formic 
aldehyde  is  more  rapidly  disinfectant  than  equal  quanti- 
ties of  sulphurous  acid  or  chlorinej  and  it  does  not  affect 
colours  or  (with  the  exception  of  iron  or  steel)  metallic 
surfaces,  although  it  fixes  stains  of  blood  or  fsces.  It 
is  somewhat  difficult  to  confine  to  the  room,  but  there 
is  no  danger  and  little  difficulty  attending  its  practical 
application,  if  the  rooms  are  well  sealed  up. 

The  production  of  the  gas  by  means  of  specially 
devised  methyl-alcohol  lamps  is  often  imperfect  and 
unsatisfactory  in  practice.  In  these  the  aldehyde  is 
generated  by  allowing  the  vapour  of  wood  alcohol, 
well  mixed  with  air,  to  pass  over  the  surface  of  red  hot 
platinum,  when  the  alcohol  is  converted  into  aldehyde 
and  water.  The  gas  can  best  be  liberated  from  formalin 
or  formine  (a  purified  40  per  cent,  solution  of  the  alde- 
hyde) by  means  of  Trillat's  apparatus,  in  which  the 
formalin  is  heated  under  pressure  in  an  autoclave.  A 
little  calcium  chloride  is  placed  in  the  Solution,  which  is 
then  known  as  "formo-chlorol,"  and  as  the  boiling  point 
of  the  calcium  chloride  solution  is  above  100'  C,  and 
the  aldehyde  is  given  off  below  that  temperature,  it  may 
in  this  manner  be  obtained  in  u  practically  dty  state. 
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When  the  attached  pressure  gauge  registers  a  pressure 
of  40  pounds  in  the  autoclave,  the  vapours  are  allowed 
to  escape  through  a  long  thin  copper  tube,  which  is 
passed  through  tlic  keyhole  into  the  infected  compart- 
ment. The  apparatus  costs  about  /"iS.  Half  an  hour 
is  required  to  get  up  the  necessary  pressure,  and  in  an 
ordinary  sized  room  the  vapours  would  be  allowed  to 
escape  for  about  half  an  hour.  From  |  to  i  litre  of 
fornio-chlorol  should  be  employed  for  every  1,000  cubic 
feet,  an  extra  quantity  of  the  liquid  being  used  in  the 
autoclave  to  guard  against  danger  from  drying  up. 
About  twenty  minutes  is  required  to  rid  each  litre  of 
formo-chloral  of  its  aldehyde. 

This  constitutes  the  best  known  means  of  liberating 
large  quantities  of  tlie  aldehyde.  Owing  to  the  large 
quantities  which  can  be  generated  and  the  high  diffusi- 
bilily  of  the  gas,  the  method  is  specially  suitable  where 
passages,  corridors,  or  staircases,  witli  communicating 
rooms,  require  disinfection  at  the  same  time.  The  ciraw- 
backs  against  the  adoption  of  the  method  by  sanitary 
authorities  are  the  weight  of  the  apparatus  and  the 
time  consumed  in  getting  up  steam  and  charging  the 
room. 

If  an  attempt  is  made  to  concentrate  aqueous  solu- 
tions of  the  aldehyde  beyond  40  per  cent.  ("  formalin  "), 
polymerization  ensues,  and  a  precipitate  of  p.traform. 
aldehyde  forms.  This  material  is  made  into  small 
tabloids,  and  sold  as  "Paraform  Tabloids."  A  consider- 
able amount  of  the  aldehyde  tnay  be  obtained,  in  a  very 
convenient  manner,  by  means  of  a  spirit  lamp  so  con- 
structed that  the  hut  and  moist  products  of  combustion 
from  the  lamp  act  upon  these  paraform  tabloids.  The 
lamp  sold  for  this  purpose  is  known  as  the  ".\lformant " 
lamp;  but  the  quantity  of  tabloids  recommended  by  the 
vendors  {i.e.,  one  to  every  100  cubic  feet  of  space)  is, 
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from  the  writer's  experiments,  too  small  always  to  insure 
disinfection.  At  least  double  the  quantity  should  be 
employed. 

The  gas  is  neutralized  by  ammonia;  and,  if  necessary, 
the  last  traces  can  be  removed  from  a  room  by  exposing 
vessels  containing  a  little  dilute  solution  of  ammonia. 
Goggles,  specially  made  so  as  to  protect  the  eyes,  may 
be  worn  when  the  room  is  unsealed. 

Sulphurous  Acid  (SO,)  is  a  gas  with  a  density  about 
double  that  of  the  atmosphere,  and  which  therefore 
diffuses  badly.  It  has  a  slight  bleaching  action,  which 
is  not  sufitcient,  however,  to  militate  against  its  use. 
In  association  with  moisture  it  has  marked  disinfectant 
powers,  a  5  per  cent,  solution  killing  the  spores  ot  Bacillus 
anthracis,  and  a  i  per  cent,  solution  killing  non-spore 
bearing  bacteria,  within  twenty-four  hours,  according  to 
Koch  ;  but  unmixed  with  moisture  it  is  little  more  than 
antiseptic.  As  against  some  adverse  experimental  data, 
the  practical  experience  of  many  countries  for  genera- 
tions as  to  its  value  must  count  for  something ;  and  the 
fact  that  the  method  sometimes  fails  in  practice,  and 
that  experimental  evidence  of  its  value  is  conflicting, 
may  be  more  or  less  accounted  for  by  the  insufficient 
quantity  of  the  gas  generally  employed.  Like  other 
acids,  sulphurous  acid  absorbs  ammonia,  compound 
ammonias,  and  organic  bases  (ptomaines,  &c.) ;  it 
decomposes  sulphides  and  sulphuretted  hydrogen,  and 
reduces  or  enters  into  combination  with  organic  matter ; 
it  also  probably  exerts  a  direct  toxic  effect  on  bacteria. 

The  whole  process  of  disinfecting  a  room  by  sulphur- 
ous acid  admits  of  division  into  two  stages : — 

1.  The  charging  of  the  atmosphere  for  from  six  to 
twenty-four  hours  with  2  per  cent,  of  the  gas.  At  least 
2  per  cent,  should  be  employed,  and  even  this  may  fail 
to  destroy  the  more  resistant  organisms. 


DISINFECTION.  647 

the  atmosphere,  and  thereby  increasing  the  disinfecting 
power  of  the  gas,  although  probably  the  moisture 
already  in  the  atmosphere  is  sufficient  to  fully  hydrate 
the  sulphurous  acid  produced.  On  account  of  the 
weight  of  the  gas,  it  should  be  liberated  as  high  in  the 
room  as  possible — i.e.,  from  the  seat  of  a  chair,  which  is 
placed  on  a  table. 

The  gas  is  so  irrespirable  that  it  is  often  impossible 
to  enter  and  unseal  the  room  containing  it.  A  wet 
towel,  moistened  with  washing  soda,  and  placed  over 
the  mouth,  will  always  enable  the  operator  to  enter. 
As  bronze,  gilt,  and  copper  surfaces  are  tarnished  by 
the  sulphur  fumes,  these  should,  where  detachable,  be 
wiped  with  i  per  cent,  carbolic  and  placed  just  outside 
the  room,  prior  to  the  liberation  of  the  sulphurous  acid. 

Disinfection  by  this  gas  is  the  official  method  of  room 
disinfection  in  this  country,  the  United  States,  Austria, 
Belgium,  Holland,  Sweden,  &c. 

Chlorine  (CI). — This  gas  has  most  of  the  defects  of 
sulphurous  acid  ;  it  is  a  very  irritant  and  heavy  gas, 
which  diffuses  badly,  and  moisture  is  essential  to  its 
disinfectant  action.  Compared  with  sulphurous  acid,  it 
is  a  heavier  gas,  possessing  greater  bleaching  properties, 
and  somewhat  more  irritant ;  it  is  less  convenient  in  use 
and  more  expensive.  On  the  other  hand,  when  present 
to  the  extent  of  i  per  cent,  in  the  atmosphere,  its  dis- 
infectant power  exceeds  that  of  a  similar  strength  of 
sulphurous  acid. 

The  disinfectant  and  deodorant  properties  of  the  gas 
depend  upon  its  affinity  for  hydrogen.  Thus,  in  the 
presence  of  moisture,  and  especially  in  daylight,  it  re- 
leases nascent  oxygen  (Cl,+  H,0  =  2HCl  +  0),  which 
burns  up  organic  matter,  including  of  course  bacteria. 
It  decomposes  sulphuretted  hydrogen 

(C1,+SH,  =  2HC1  +  S), 
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and  also  ammonia 

(3C1,+SNH,=6NH,C1  +  N,). 

It  is  usually  produced  by  the  action  of  sulphuric  or 
hydrochloric  acid  on  bleaching  powder, 

(CaCl,0+2HCl  =  CaCl2  +  H,0  +  CI.). 

It  is  advisable  to  use  2  pounds  of  bleaching  powder 
and  about  1  pound  of  the  commercial  acid  for  every 
1 ,000  cubic  feet  of  space;  and  the  mixture  should  be 
divided  into  several  parts,  because  of  its  bulk  and  to 
ensure  distribution  of  the  gas,  and  placed  as  high  in  the 
room  as  practicable.  Some  experiments  indicate  the 
necessity  of  using  much  larger  <|uantities  of  the  bleach- 
ing powder  for  the  more  resistant  infections.  The 
powder  contains  about  35  per  cent,  of  available  chlorine, 
and  it  must  be  kept  dry. 

All  metal  fittings  and  articles  of  silk,  &c.,  should  be 
removed  beforehand  ;  and  if  great  difficulty  is  e.xperi- 
enced  in  entering  the  room  for  the  purpose  of  unsealing, 
the  operator  should  first  saturate  a  towel  with  weak 
ammonia  solution  and  place  it  over  his  mouth. 

Dromine  (Hr)  is  a  heavy  gas,  more  irritating  than 
chlorine,  more  destructive  to  articles  exposed  to  it,  and 
also  more  expensive.  It  is  readily  given  off  from  the 
volatile  fluid  known  as  "  li<iuid  bromine."  As  with 
chlorine,  the  presence  of  moisture  is  essential  to  the 
disinfecting  action  of  the  gas,  which  is  inferior  to  that 
of  chlorine  and  somewhat  superior  to  that  of  iodine. 

Iodine  (I)  is  a  heavy  gas  some  eight  times  heavier  than 
air,  and  more  than  three  times  as  heavy  as  chlorine. 
This  circumstance,  added  to  the  fact  that  it  stains  ex- 
posed articles  and  is  not  a  p<jwerful  germicide,  excludes 
iodine  from  the  list  of  serviceable  gaseous  disinfectants. 

Hydiccldoii:  Acid  (HCI)   fumigation  lias  been  advo- 
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cated.  Like  other  acids,  it  has  marked  disinfectant 
properties,  which  are  doubtless  mainly  due  to  the  cir- 
cumstance that  any  marked  acidity  is  inimical  to  germ 
life. 

Nitrous  Acid  (HNO,). — Nitrous  acid  acts  as  an  oxi- 
dizer owing  to  the  circumstance  that  it  readily  parts 
with  oxygen  to  oxidizable  matter  and  becomes  nitric 
oxide  (NO).  This  gas  combines  with  the  oxygen  in  the 
atmosphere  (2NO-fOa=2NO,),  and  thus  serves  as  a 
carrier  of  oxygen  to  oxidizable  matter.  Nitrous  acid, 
therefore,  remains  constantly  active,  and  is  not  used  up 
like  chlorine,  over  which  it  also  possesses  the  additional 
advantage  that  it  does  not  destroy  organic  colouring 
matters.  The  reddish  fumes  of  nitric  peroxide  (NO,) 
are  very  irritating,  and  their  disinfecting  powers  are 
inferior  to  those  of  chlorine.  For  every  1,000  cubic  feet 
of  space  at  least  3  ounces  of  nitric  acid  should  be  mixed 
with  an  equal  volume  of  water,  and  the  mixture  poured 
upon  I  ounce  of  copper  shavings  placed  in  an  old  jar  or 
basin— 

3Cu+8HN03=3Cu(NO,),-|-2NO-f4H,0. 

Vaporized  Phenol  (CeH^O). — Although  it  is  claimed  by 
some  that  the  use  of  this  agent  succeeds  well  in  prac- 
tice, such  large  quantities  have  to  be  employed  that  the 
odour  which  remains  after  use  is  extremely  persistent. 
The  phenol,  placed  in  a  bottle-shaped  metal  receiver, 
may  be  vaporized  by  means  of  a  small  rod  made  red 
hot,  which  is  placed  inside  the  receiver  and  allowed  to 
remain  there.  A  pint  of  phenol  can  be  vaporized  in 
this  way.  Cresol  diffuses  better  than  carbolic  acid  or 
"  Izal." 
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Room   Disinfection. 

Wearing  apparel  and  bedding  should  be  steam  dis- 
infected ;  and  if  carpets,  curtains,  rugs,  and  upholstered 
articles  were  not  removed  when  the  sick  room  was  pre- 
pared for  the  patient,  these  should  also  be  set  aside  for 
steam  disinfection.  The  disinfection  of  the  room  is 
practically  one  of  surface  disinfection  only.  Judged  from 
the  standpoint  of  its  power  of  penetration,  no  known 
means  of  room  disinfection  is  satisfactory,  whether  the 
agent  employed  be  used  as  a  spray,  a  gas,  or  a  vapour  ; 
for  no  gas  or  vapour,  employed  at  the  current  tempera- 
ture and  pressure,  possesses  powers  of  penetration  to 
any  valuable  degree. 

To  be  satisfactory  in  practice,  a  method  of  room  dis- 
infection must  be  efficient  for  its  purpose,  but  must  not 
injure  the  articles  exposed.  The  facility  of  application 
and  the  cost  are  also  important  considerations. 

There  are  three  well  known  methods,  involving : — 

1.  The  use  of  what  have  been  termed  "  aerial  disin- 
fectants," in  which  the  air  is  charged  with  the  disinfec- 
tant in  the  form  of  a  gas  or  vapour,  for  a  period  of  from 
six  to  twenty-four  hours.  In  this  method  the  room 
should  be  as  far  as  possible,  hermetically  sealed — the 
windows  closed  and  chinks  pasted  over  with  paper,  the 
chimney  outlet  closed  up,  and  the  door  crevices  and 
keyhole  carefully  pasted  over.  Before  the  room  is  again 
occupied,  the  wall  papers  should  be  stripped,  the  ceiling 
limewhited,  and  all  the  flat  surfaces  of  the  room  upon 
which  dust  can  settle  should  be  washed  down  with 
some  disinfectant  solution. 

2.  The  use  of  sprays  or  atomizers,  by  which  the  dis- 
infectant in  solution  can  be  applied  directly  in  the  form 
of  a  very  fine  spray  to  the  surfaces  of  the  room. 
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The  efficiency  of  a  good  sprayer  must  depend  on  its 
ability  to  deliver  the  liquid  in  the  most  finely  divided 
state  possible,  for  the  more  this  requirement  is  met,  the 
more  uniform  will  be  the  distribution  of  the  disinfectant. 
The  Equifex  sprayer  consists  of  a  metal  reservoir,  which 
holds  the  disinfectant,  and  is  lined  with  ebonite,  so  that 
the  metal  is  not  attacked.  The  fluid  is  driven  through 
a  spray  nozzle  by  means  of  a  hand  pump,  which  forces 
air  into  the  reservoir.  An  extremely  fine  spray,  at  a 
velocity  sufficient  to  insure  a  slight  degree  of  penetra- 
tion, is  made  to  issue  from  the  end  of  a  metal  tube  of 
such  a  length  that  it  can  be  held  close  to  all  the  surfaces 
to  be  treated.    The  cost  is  from  £S  to  £16. 

The  disinfectant  solutions  to  be  preferred  in  spray- 
ing are:  Perchloride  of  mercury,  formic  aldehyde, 
"Chinosol,"  or  sodium  hypochlorite.  The  operation 
of  disinfecting  a  small  room  occupies  one  hour. 

Washing  and  Rubbing  Methods. — All  the  horizontal 
surfaces  of  a  room  may  be  washed  down,  or  coated  with 
disinfectant  by  means  of  a  large  paint  brush,  and  the 
vertical  surfaces  may  be  wiped  and  stroked  with  a  rag 
moistened  with  the  disinfectant.  When  a  brush  is  em- 
ployed, two  coats  of  the  disinfectant  should  be  put  on, 
one  with  vertical  strokes  and  the  other  with  horizontal, 
to  insure  that  the  disinfectant  reaches  all  the  crevices. 
The  German  official  method  is  to  rub  down  the  walls 
with  bread — ordinary  German  loaves,  forty-eight  hours 
old,  being  employed,  cut  into  pieces  6  inches  square, 
with  the  crust  at  the  back  to  afford  a  firm  hold.  The 
crumbs  having  been  swept  up  and  burned,  the  walls  and 
ceilings  are  thoroughly  sprinkled  with  carbolic  solution, 
and  the  floors  and  furniture  are  washed  with  this 
solution. 

An  advantage  which  is  claimed  for  gaseous  disinfec- 
tants is  that  their  use  necessitates,  before  the  room  can 
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fectants  may  be  employed :  Acid  solution  of  corrosive 
sublimate  (i  in  1,000)  coloured  blue  with  aniline.  Pre- 
parations containing  carbolic  or  cresylic  acid  (5  per  cent.), 
or  two  tablespoonfuls  of  the  acids  to  i  pint  of  water. 
Solution  of  sulphate  of  copper  or  ferrous  sulphate  (5  per 
cent.).  Solution  of  formic  aldehyde  (i  per  cent).  Bleach- 
ing powder  solution,  acidified  (2  per  cent.).  All  solid 
stools  should  be  broken  up  with  a  piece  of  stick  and 
thoroughly  mixed  with  the  disinfectant.  The  agent  must 
be  allowed  to  remain  in  contact  with  the  infected  material 
for  at  least  half  an  hour ;  and  all  disinfectant  solutions 
must  be  added  to  the  matter  to  be  disinfected  in  such 
quantities  that  they  are  present  in  the  whole  mixture  to  the 
required  extent,  as  indicated  above. 

Enteric  and  cholera  stools  have  also  been  disinfected 
by  the  following  means  : — 

Boiling  for  half  an  hour  under  steam  pressure;  boiling 
for  half  an  hour  with  i  in  20  carbolic  acid  solution ; 
mixing  with  a  relatively  large  amount  of  straw  or  saw- 
dust, then  saturating  with  paraffin  or  petroleum  and 
burning  ;  mixing  with  coal  dust  and  ashes,  and  burning 
in  an  incinerator  with  a  high  flue. 

The  impossibility  of  disinfecting  or  sterilizing  large 
volumes  of  sewage  or  night  soil  by  the  use  of  chemical 
reagents,  unless  applied  in  enormous  and  ruinous  quan- 
tities, need  hardly  be  insisted  on.  Small  quantities  of 
chemical  reagents  may  be  very  efficient  deodorizers,  for 
offensive  smells  are  easily  concealed  or  destroyed  ;  and 
by  the  ignorant  the  removal  of  offensiveness  is  regarded 
as  equivalent  to  destruction  of  infection. 

The  Disposal  of  thk  Dead. 

Cremation  is  the  most  sanitary  method  of  disposal  of 
the  dead.     The  method  is  of  great   antiquity,  and  was 
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commonly  employed  by  the  ancient  Greeks  and  Romans 
The  body  can  by  tliis  method  be  reduced,  within  the 
space  of  one  hour,  to  a  small  quantity  of  odourless  ash, 
which  can,  if  the  relatives  of  the  deceased  so  desire,  be 
preserved  in  sealed  urns.  Compared  with  earth  burial 
and  the  slow  putrefactive  changes  which  ensue  in  earth, 
the  process  of  resolution  of  the  body  into  its  component 
elements  by  cremation  is  one  of  extreme  rapidity. 
Cremation,  too,  prevents  the  pollution  of  the  ground — 
a  pollution  wliich  is  of  a  highly  dangerous  character, 
where  the  bodies  of  those  who  have  died  of  infectious 
diseases  are  interred. 

The  main  objections  which  are  raised  against  crema- 
tion at  the  present  day  are  based  on  sentimental  and 
religious  grounds,  which  time  and  education  will  re- 
move, for  the  ultimate  effects  of  cremation  and  earth 
burial  are  precisely  the  same.  In  earth  burial  the  ulti- 
mate resolution  of  the  body  into  its  component  elements 
may  take  a  year  or  many  years  to  accomplish,  whereas 
by  incineration  the  same  products  are  formed  in  as 
many  hours.  These  products  are  largely  gaseous,  and 
whereas  in  cremation  special  provision  is  made  to  com- 
pletely burn  them  up  without  oflTence,  in  earth  butial 
they  necessarily  pollute  the  soil,  and  escape  into  the 
general  atmosphere.  There  arc  only  two  real  objections 
which  can  be  raised  against  cremation  :— namely,  the 
cost  of  the  process,  and  the  fact  that  the  complete 
destruction  of  the  body  involves  also  the  destruction  of 
any  evidence  of  crime,  where  the  l>ody  is  that  of  a 
person  who  has  been  poisoned.  .As  regards  the  first 
objection,  the  original  cost  of  erection  of  a  crematorium 
is  considerable,  and  the  working  expenses  are  high  ; 
but,  where  there  is  a  crematorium  within  easy  access, 
by  road  or  rail,  cremation  can  now  be  carried  out  at 
al)out  the  same  cost   as  earth   burial.     To   meet    the 
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second  objection,  State  officials  could  be  appointed,  as 
in  I'rance  and  Germany,  to  inquire  into  anfl  verify  the 
dualii  certificates  ;  and,  as  a  means  to  the  same  end, 
the  English  Cremation  Society  has  drawn  up  a  code  of 
very  stringent  rules  which  must  be  complied  with  before 
a  body  can  be  cremated.  By  the  use  of  quicklime  in 
earth  burial  the  soft  tissues  of  the  body  are  rapidly 
destroyed,  and  the  process  of  rleconiposition  is  com- 
pleted at  a  comparatively  early  period. 

Earth  burial. — This  method  causes  pollution  of  both 
soil  and  air,  and  should  be  discontinued  within  the 
borders  or  in  the  near  neighbourhood  of  towns  and 
thickly  populated  districts.  In  some  cemeteries  very 
serious  scandals  have  arisen  from  the  practice  of  inter- 
ring too  many  bodies  in  a  single  grave,  and  subsequently 
reopening  the  ground  and  breaking  open  the  coflins,  in 
order  to  make  room  for  fresh  interments.  As  the  old 
burial  grounds  in  towns  become  filled  up  they  have  to 
Ix;  closed,  and  can  then  be  converted  into  open  spaces 
and  garden  recreation  grounds.  Burial  sites  at  a  dis- 
tance from  the  town  must  then  be  provided  at  a  large 
cost  and  much  inconvenience  to  the  ratepayers. 

It  is  necessary,  in  order  to  carry  out  earth  burial 
under  the  most  favourable  conditions,  to  provide  from 
a  quarter  to  half  an  acre  of  laud  to  every  1,000  of  the 
population,  according  to  the  suitability  of  the  soil  for 
the  purposes  of  interment. 

A  sandy  and  calcareous  loam  is  the  best  soil  for  a 
graveyard  ;  a  stiff  clay,  which  retards  dissolution,  is  the 
worst.  In  clay  sites,  moreover,  the  ground  is  liable  to 
crack  in  very  dry  weather,  and  the  gases  of  putrefaction 
may  then  fniJ  a  direct  outlet  to  the  surface  of  the  burial 
ground.  Coarse  gra\el,  comparatively  free  from  any 
binding  material,  and  broken  rock  are  too  loose  and 
open  to  constitute  good  soils  for  burial  sites  ;  and  chalk 
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is  contra-inilicaled  on  account  of  the  risk  of  fissures 
transmitting  impurities  to  the  air  abave  or  to  a  water 
supply  below.  An  isolated  tract  of  ground,  with  good 
surface  falls  for  natural  drainage,  and  having  a  con- 
siderable thickness  of  fine  sand  and  sandy  loam,  or 
sandy  and  loamy  gravel,  resting  upon  a  deep  bed  of  clay, 
would  constitute  an  ideal  site.  The  earth  should  have 
a  depth  of  not  less  than  lo  feet,  and  graves  should  never 
be  dug  deeper  than  8  feet  from  the  surface.  In  every 
case  a  space  of  at  least  2  feet  should  intervene  between 
the  bottom  of  the  grave  and  the  surface  of  the  subsoil 
water. 

As  at  present  practised,  with  the  use  of  lead  shells 
and  strung  wood  coffins,  the  method  of  earth  buiial  has 
for  its  oiiject  the  preservation  of  the  bodies  for  a  very 
long  period.  Nothing  whatever  is  gained  by  this 
It  ngtiiy  preservation  ;  and  the  aim  of  rational  earth 
burial  should  ix:  to  facilitate  the  ultimate  reduction  of 
the  body  into  its  component  elements.  To  this  end, 
the  body  should  be  placed  in  an  easily  perishable  coffin 
of  wickerwork  or  of  unprepared  wood,  and  the  grave 
should  not  be  deeper  than  from  3  to  5  feet  from  the 
surface — the  earth  being  very  much  more  active  as  a 
purifying  agent  in  the  upper  layers  not  exceeding  5  feet 
in  depth  from  the  surface,  than  it  is  at  greater  depths. 

Other  methods  of  disposing  of  the  dead  are  : — (i)  Hy 
simple  exposure  to  the  air,  as  practised  by  the  Australian 
aborigines;  (2)  committal  to  the  sea  ;  (3)  the  exposure 
of  the  l>ody  in  the  open  air,  so  that  the  fleshy  parts  may 
be  eaten  by  vultures,  a  method  followed  by  the  Parsecs 
of  India  in  their  Towers  of  Siknce,  (4)  desiccation  or 
nuiminification. 

liinhatwiiig  was  commonly  practised  in  ancient  Egypt. 
The  abdominal  viscera  were  extracted  by  incision  on 
Ibe  left  side,  and  the  cavity  was  then  cleansed  with 
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palm  oil  and  filled  with  myrrh,  cassia,  and  other  odori- 
ferous substances.  The  body  was  ultimately  wrapped 
in  very  numerous  layers  of  cloth  and  sealed  up  her- 
metically. In  the  modern  method  of  temporarily 
preserving  bodies,  the  cavities  of  the  chest  and  the 
abdomen  are  emptied  and  washed  with  camphorated 
spirit ;  the  organs  are  then  similarly  washed  and  in- 
jected with  some  preservative  fluid  before  they  are 
replaced.  The  vascular  system  is  also  injected  with  a 
preservative  fluid,  it  being  a  common  practice  to  inject 
into  the  carotid  artery  some  6  to  8  pints  of  a  mixture 
consisting  of  carbolic  acid  i  part,  glycerine  10  parts 
alcohol  50  parts,  and  water  40  parts.  The  surface  of 
the  body  should  be  lubricated  with  vaseline  containing 
I  per  cent,  of  carbolic  acid,  and  it  is  advisable  to  fill  the 
cavities  of  the  body  with  cotton  wool  soaked  in  glycerine 
containing  5  per  cent,  of  carbolic  acid. 

Recently  a  method  has  been  demonstrated  of  pre- 
serving bodies  by  exposure  for  3  or  4  weeks  to  the 
vapour  of  formic  aldehyde  (Rechter's  method).  Under- 
neath the  open  wire  shelf,  on  which  the  body  rests  in 
the  sterilizing  chamber,  an  ice  closet  is  placed,  in  order 
to  inhibit  by  cold  the  action  of  the  intestinal  bacteria, 
until  the  formic  aldehyde  vapour  begins  to  produce  a 
distinct  antiseptic  eflect. 
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CHAPTER   XI. 


STATISTICS. 


Statistical  Inohiries, 


Thiv  science  of  statistics  consists  in  the  collection  of 
individual  facts,  with  the  view  of  grouping  llicm  into 
dirfercnt  classes  according  to  certain  definite  characters 
they  possess.  The  rule  to  which  attention  must  he 
specially  directed  in  difTerentiating  a  scries  of  facts,  is 
that  the  points  of  diflTerence  or  characteristics  on  which 
a  group  is  to  be  formed  should  be  common  to  each 
meml>cr  of  that  group,  but  absent  from  the  members  of 
all  other  groups.  The  dividing  character  must  be  con- 
stant, and  must  be  definite. 

It  docs  not  follow  that,  i^ecause  in  any  series  of  cases 
the  groups  bear  a  certain  numerical  proportion  to  the 
total  numbcrofcasis,  these  proportions  will  l>c  the  same 
in  any  suUse<iucnt  scries  of  like  cases,  unless  the  num- 
bers dealt  with  in  the  first  case  are  infinitely  large. 

The  relative  values  of  two  or  more  series  arc  as  the 
square  roots  of  the  number  of  units  of  ol)servations ; 
and  thus  by  increasing  the  numlKT  of  observations  in 
any  intjuiry.  the  value  (or  accuracy)  increases  as  the 
square  root  of  the  niiiiiber. 

The  smaller  the  nunil«?r  of  individu.d  f.icts  on  which 
the  groups  are  founded,  the  greater  is  the  possible 
<le\4ation  hoiu  the  pioportions  which  m.»y  be  observed 
in  any  subsequent  scries  of  like  facts.  IJy  I-'oiaon's  Hult 
the  ]imits  of  error,  or  the  degree  of  approximation  to  the 


STATISTICS. 


truth  of  tlic  numerical  relations  existing  between  tiic 
units  or  groups  of  units  of  a  series,  may  be  ascertained. 
Let  M  =^  total  mimhcr  of  cases  in  the  scries  recorded. 

,,     w  --  nufitber  of  cases  in  one  group. 

„      «  —  number  of  cases  in  the  other  group. 


Then  in  -f  h  ^  M.and  —   and 
M 


M 


are  the  proportions 


of  each  group  to  tlic  whole.  Flut  on  subsequent  occa- 
sions, with  another  series  of  like  cases,  the  projxirtions 
may  be 


2.W.W. 


or 


M 


-  2  V 


2.m.n 


And  the  same  holds  good  with  «  group  of  cases.  The 
larger  tlie  value  of  M,  the  less  will  be  the  value  of  the 
fraction  of  which  M''  is  the  denominator,  and  conse- 
quently tlu;  smaller  the  error  to  be  added  to  or  sub- 
tracted from 

Example. — 


TO 
M 


ft 


M  =  loo  cases  of  fever. 
m=   2S  cAses  which  (lie. 
"  =   75  cases  which  recover. 


Then  ihe  |iro()orlion  ^^  or  J  may  be  in  other  instances 
M 

V         loo" 

or}-2A/'^'^*  =  °"75. 
~        loo^ 

That  is  to  say,  tlie  number  of  deaths  out  of  loo  other 
cases  of  the  same  fever,  instead  of  being  25,  may  be  as 
many  as  37,  or  as  few  as  13.  lUit  if,  instead  of  100 
cases  of  fever  in  the  original  series,  there  had  been 
10,000  cases,  the  limit  of  error  would  have  been  only 
I  •225  per  cent,  alwve  or  below  the  proportion  found 
actually  to  exist. 

The  arithmetical   mean   of  a  series  of  figures  is  ob- 
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tained  by  ailding  together  l}ie  numerical  values  of  the 
figures,  and  dividing  the  total  by  tlie  number  in  the 
series.  This  mean  number  will  have  a  higher  numerical 
value  than  belongs  to  some  of  the  figures  composing  the 
series,  and  a  lower  numerical  value  than  belongs  to 
others.  The  less  the  difTerence  between  the  mean  and 
the  figures  of  the  scries,  the  greater  is  its  value,  and  the 
more  closely  does  it  conform  to  a  true  average.  The 
relative  values  of  two  or  more  similar  series  are  as  the 
reciprocals  of  the  Sfjuarcs  of  the  probable  errors ;  that 
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{P^'f 


where  pe  is   the  probable   error.     The  pro- 


bable error  is  approximately  two-thirds  of  the  mean 
error,  and  implies  tfrat,  if  the  series  were  prolonged 
indefinitely,  the  error  would  probably  as  often  exceed 
as  fall  short  of  this  mean.  It  is  obtained  as  follows: 
I.  Find  the  mean  of  the  series  of  observations;  find  the 
mean  of  all  the  observations  above  the  mean,  and  sub- 
tract the  mean  from  it  ;  this  gives  the  mean  error  in 
excess.  2.  Find  the  mean  of  all  tlie  observations  below 
the  mean,  and  subtract  the  latter  from  tliis  mean  ;  tiiis 
gives  the  mean  error  in  deficiency.  .\dd  the  two 
quantities  (mean  error  in  excess  antl  mean  error  in 
deficiency),  and  take  the  half ;  this  is  the  mean  error. 

The  various  means  are  : 

The  arithmetical  mean  ^aJrb+c-ird+e 

The  geometrical  mean  =^  ^alTcdc 

5 

The  harmonic  mean  =  J^  j.i.j.i.j.J.j.2 

<i      b      c      d      $ 

The  quadratic  mean  =  ^''^±^^±^±^±1 

If  the  terms  of  the  scries  are  equal,  the  above  mcaos 
arc  all  identical.     If  the  terms  :ire  uneijual,  the  quad- 
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ratic  mean  is  tlie  liighest,  llie  arithmetical  comes  next, 
and  tlien  fullow  the  geometrical  and  harmonic  means. 

Vital  SrATrsrics. 

The  uses  of  vital  statistics  are  to  obtain  information 
as  to  the  health  of  the  people  and  the  various  diseases 
from  winch  they  suflfer  ;  to  assist  in  the  study  of  the 
good  and  evil  conditions  affecting  thciu  ;  and  to  furnish 
the  necessary  data  for  life  assurance. 

To  obtain  the  statistics  of  a  community  which  have 
relation  to  its  public  health,  it  is  necessary  to  have  a 
correct  enumeration  of  the  population,  a  complete  regis- 
tration of  birtlis  and  deaths,  and,  in  the  case  of  denths, 
a  correct  statement  as  to  their  cause,  together  with  the 
age  of  every  deceased  person.  The  number  of  births 
and  of  deaths  which  take  place  in  the  course  of  a  year 
are  generally  expressed  in  the  form  of  rates,  i.e.,  so  many 
births  or  so  many  deaths  to  1,000  of  the  population. 

The  first  enquiry,  therefore,  which  becomes  necessary 
is  to  ascertain  for  any  community  the  number  of  the 
living  during  any  year,  or  at  any  period  of  a  year. 
The  last  census  returns  give  the  exact  enumc-ration  of 
the  numbers  living  and  their  ages  at  the  time  the 
census  was  taken.  If  the  population  is  stationary — the 
birtlis  equalling  the  deaths  and  no  emigration  or  immi- 
gration taking  place — the  census  returns  are  true  for 
any  subsequent  year.  In  tliis  country  the  births  have, 
for  a  great  number  of  years,  exceeded  the  deaths  and 
the  emigrations,  with  the  result  of  a  steady  increase  of 
the  population. 

By  the  Law  of  Population,  a  population  increases  in 
regular  geometrical  progression  when  the  births  exceed 
the  deaths  and  the  ratio  of  the  births  and  of  the  deaths 
to  the  population  remains  constant. 
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Exam/rle. — If  the  birth  rate  of  a  population  numbering  5,000  i 
per  i.ovo,  and  the  death  rate  Is  zu  per  t.ooo,  and  these  rales  remain 
conntant  for  ten  years,  the  annual   rate  of  increase  is  10  per  1,000, 
or  o'oi   per  unit ;  i.<.,  one   person  becomes    I'oi  at   the  end   of  the 
year,  or  i.noo  persons  become  1,010.     The  population  at  the  end 
the  tenlh  year  (the  last  term   of  the  scries   in   geometrical  progr 
sion)  -  5,iKK>x  j'oi'"  =  5,523  persons.     For  the  population  at  the  en 
of  the  first  year  is  5,oooX  foi  ;    at  the  end  of  the  second  year  it  is 
(5,000  X  i-oi)xi  01  =  5,000 X  loi'  ;  at  the  end  of  the  third  year  it  is 
(5,000  X  fOi")  X  foi  =  5,000  >c  101 ';  and  at  the  end  of  the  tenth  year 
it  is  5,ooox  fot'".  ■ 

The  population  of  England  and  Wales  was  alxiut 
half  its  present  (1901)  number  in  1843,  consequently  it 
took  58  years  to  double  itself. 

The  term  "  increment  of  life  "  is  sometimes  employe 
to  denote  the  excess  of  births  over  deaths  in  a  popuIa-_ 
tion,  and  if  the  balance  is  on  the  opposite  side  it 
sometimes  referred  to  as  the  "  decrement  of  life." 

Sometimes  the  terms  "effective"  and  "specific"  ai 
applied  to  a  population.     The  "  efTcctive  "  population  is 
the  population  between  the  ages  of  twenty  and  seventy, 
and  the  "specific"  population  is  the  numl)er  of  persons 
to  each  acre  or  square  mile,  which  is  the  same  thing 
the  density  of  the  population. 

In  calculating  birth  rates  or  death  rates  for  any  yea 
the  estimated  population  for  the  middle  of  that  year  must 
be  taken  as  the  basis;  for  it  alone  represents  the  avcraga^ 
number  of  persons  who  are  living  throughout  that  ycarjH 
The  following  method  is  used  by  the  Kegistrar-dcncral 
for  estimating  the  population  of  a  town  or  district  for  ihe^ 
middle  of  any  year  from  the  last  two  census  returns.       ^M 

BitnmfyU. — Suppose  the  population  of  a  town  by  the  census  of  t»8i 
is  X,  and  by  the  census  of  iKgi  is  y,  and  it  is  required  to  know  the 
population  in  the  middle  of  the  year  1895.  Then  the  log.  y  --  log.  t 
^  log.  of  the  rate  of  increase  for  10  years.  This  divided  by  to  wdl 
give  the  log.  of  the  rate  of  increase  for  1  year.  Frcmi  the  end  of  the 
first  quartet  of  iKgi  (when  the  census  was  taken)  to  the  middle  of  1893 
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in  4j  years,  and  iherefore  the  log.  of  the  population  in  the  middle  of 
iSg5  =  log.  v  +  (4jxlog.  of  i  year's  increase).  The  number  corre- 
sponding to  this  logarithm  will  give  the  calculated  papulation. 

This  method  assumes  that  the  population  of  tlie  town 
is  increasing  or  decreasing  in  the  same  ratio  since  the 
last  census  as  it  did  l^etween  1881  and  1891.  It  is  here 
that  a  fallacy  may  arise.  The  population  which  serves 
as  the  basis  for  calculating  the  birth  and  death  rales  in 
the  ten  years  intervening  between  any  two  census  re- 
turns is  only  an  estimate,  and  therefore  only  approxi- 
mately true.  The  estimates  of  population  so  obtained 
generally  exhibit  a  considerable  divergence  from  the 
actual  truth  in  the  years  most  remote  from  the  last 
census.  Consequently,  statistics  calculated  upon  such 
estimates  are  usually  erroneous.  A  comparison  may  be 
made  between  this  estimate  and  that  arrived  at  by  a 
calculation  of  the  number  of  inhabited  houses  in  the 
districts,  as  obtained  from  the  rate  books,  and  the 
average  number  of  inhabitants  in  each,  as  shown  by  the 
last  census ;  bat  this  again,  is  only  an  approximation. 
The  average  number  of  persons  per  inhabited  house 
may  vary  from  4'5  to  9,  according  to  the  size  of  the 
house  and  the  class  of  property  ;  according  to  the 
census  of  1901,  it  was  5Mg  in  England  and  Wales. 
One  individual  should  be  allowed  to  each  empty  house, 
in  order  to  account  for  caretakers  and  their  families. 
Another  means  of  checking  the  estimated  population  is 
by  the  birth  rate,  if  this  remains  fairly  constant  in  a 
series  of  years  ;  and  this  computation  is  found  to  hold 
good  when  applied  to  large  populations.  Then  the 
population  = 

registered  births  in  the  year  x   1,000 
average  birtli  rate  for  previous  10  years" 
It  is,  however,  most  desirable  that  the  census  should 
now  be  rjuimiuennia!  instead  of  decennial. 
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Birtli  rates  and  deatli  rates  may  be  calculated  as 
annual  rates  to  1,000  persons  living  from  weekly, 
monthly,  or  (juarterly  returns.  When  the  returns  are 
for  a  less  period  tlian  a  year,  the  rate  represents  the 
numlicr  of  birlirs  or  deaths  that  would  Like  place  per 
1,000  of  the  population  in  a  year,  if  the  proportion  of 
births  or  deaths  to  population  recorded  in  these  shorter 
periods  were  maintained  ilirouj^liout  the  year.  Now,  the 
correct  number  of  days  in  a  natural  year  is  365-24226, 
and  the  correct  number  of  weeks  is  52-17747.  The 
birth  rate  or  death  rate  may  be  accurately  calculated 
from  weekly,  monthly,  and  quarterly  returns  as  follows: — 

A  weekly  death  rate  = 
number  of  deaths  recorded  in  week  x  52-17747  x  1,000. 

the  population 
a  niontlily  death  rate  = 
number  of  deaths  recorded  in  four  weeks  X  13  x  1,000 . 

the  population 
a  quarterly  death   rate  should   deal   with   the  thirteen 
weeks  which   most   nearly   correspond   to   the   natural 
quarter,  and  = 

number  of  ileaths  recorded  in  quarter  x  4  x  1,000 

the  population 
In  large  towns  a  certain  number  of  deaths  occur  {n* 
public  institutions  (hospitals,  workhouses,  &c.),  which 
have  to  be  allotted  to  the  districts  in  which  the  deceased 
persons  resided.  In  London,  for  instance,  which  is 
divided  into  a  number  of  boroughs,  in  calculating  the 
death  rate  uf  any  borough,  the  deaths  of  non-parishioners 
which  occur  in  public  institutions  in  the  borough  must 
be  excluded  ;  wliilst  deaths  of  parishioners  occurring  in 
the  public  institutions  in  the  borough  and  outside  it 
must  be  included  in  order  to  arrive  at  the  true  death 
rate.  In  London,  the  figures  required  for  this  purpose 
are  now  supplied  to  Medical  Officers  of  Health  from  the 
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Registrar-General's  office.  Formerly  it  was  die  custom 
to  assign  to  each  parish,  out  of  the  total  deaths  in  public 
institutions  in  London,  a  number  proportional  to  its 
population. 

The  higher  hirlh  rate  in  larfje  urban  districts  is  due 
to  the  following  causes  : — Tlic  greater  proportion  of 
women  at  child  bearing  ages,  the  higher  marriage  rate, 
the  earlier  marriages,  and  the  greater  infantile  mor- 
tality. The  state  of  national  prosperity  to  a  large  extent 
determines  the  birth  and  marriage  rates. 

The  marriage  rate  is  usually  expressed  as 

number  of  marriages x  i.ooo . 

population 

but  it  siiould  more  properly  be  expressed  as  the  number 

of  persons   married   annually    per    1,000    marriageable 

persons— /.<".,  those  over  iiflcen  years  who  are  unmarried. 

Tiie  marriage  rate  is  highest  in  large  towns  to  which 
many  young  adults  emigrate  from  country  districts,  and 
where  more  constant  labour  at  a  higher  rate  of  re- 
muneration than  in  the  country  can  be  secured.  The 
average  annual  fecundity  of  married  women  of  repro- 
ductive ages  is  about  260  live  births  to  1,000  women. 

It  may  be  well  to  point  out  in  this  place — especially 
as  misunderstanding  is  constantly  arising  on  the  subject 
— what  is  tiie  true  significance  of  death  rates,  and  how 
far  they  are  reliable  as  tests  of  the  health  and  sanitary 

I  surroundings  of  different  communities. 
Death  rates  constructed  from  tlie  mortality  returns  of 
short  periods,  such  as  a  week  or  month,  are  not  reliable 
as  tests  of  health.  They  arc  necessarily  subject  to 
accidental  fluctuations,  which  must  prevent  any  true 
conclusions  being  drawn  from  them.  So,  too,  wilh  the 
death  rates  of  very  small  populations,  even  when  they 
exhibit  returns  covering  a  period  of  a  year.  The 
numbers  on  winch  the  figures  are  founded  are  not  sufli- 


ciently  large   to   exclude  those  accidental   fluctuations 

tfrom  varying  circumstances  which  must  be  got  rid  of 
before  any  just  reasoning  can  be  fountled  on  death  rates. 
It  is  different  vvilh  the  death  rates  from  yearly  returns 
of  larger  populations.  Where  the  units  on  which  the 
figures  are  founded  are  sufficiently  large,  accidental 
fluctuations  are  submerged,  so  to  speak  ;  and  the  errors 
traceable  to  them  are  reduced  to  such  small  limits  that 

I  trustworthy  conclusions  can  be  drawn. 
IJut,  in  comparing  death  rates  of  different  towns  or 
districts  with  each  other,  there  are  otiier  sources  of 
error  which  must  be  taken  into  account.  A  population 
consists  of  a  number  of  people  living  at  every  age,  from 
the  time  of  birth  to  one  hundred  years  or  more.  Now, 
the  age  distribution  of  two  or  more  populations  may 
vary  widely,  the  proportions  of  children,  adults,  and  old 
people  to  the  total  population  in  different  cases  being 
B  often  very  different.  If  the  death  rate  were  the  same 
"  for  all  ages,  this  <liifcrent  age  distribution  might  be 
neglected.     Hut  such  is  not  the  case;    children  under 

■  five  ami  old  {■•cople  over  (ifty-five  years  of  age  die  at  a 
greater  rate ;  whilst  those  from  the  age  of  five  up  to 
fifty-five  die  at  a  less  rate  than  that  represented  by  the 
general  rate.  There  is  another  disturbing  factor,  and 
that  is  the  proportionate  number  of  males  to  females  in 
any  population.  F'emales  at  all  ages  have  lower  death 
rates  than  males,  except  in  the  age  period  ten  to  twenty, 

•  when  the  female  rate  is  slightly  higher.  The  causes  of 
the  higher  male  mortality  are  chiefly  to  be  found  in 
their  n»orc  exacting  and  d.ingerous  occupations  and 
their  greater  indulgence  in  alcohol.  The  census  of  1901 
showed  that  there  were  io6'9  females  to  every  100 
niales  in  the  population  of  I'tngland  and  Wales. 

;  following  table  exhibits  the  death   rates  at  dif- 
rent  age  periods  (calculated  upon  the  numbers  living 
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at    each    age    period)    amongst    males    and    females   in 
England  and  Wales  during  the  ten  years  1881-90. 


Malci. 

Females 

All  ages 

30-2 

18-0 

Under  5  years 

61-7 

Sao 

5-10 

5-3 

5-a 

1015 

a-9 

3« 

15-20 

43 

44 

20-2J 

57 

55 

«5-35 

77 

73 

35-45 

12-3 

105 

4555 

«9-3 

15-0 

55-65 

34-7 

J8-4 

6575 

70-2 

6o-t 

75  and 

upwa 

rds 

i6o-2 

»47-3 

(Sup[ilement  to  the  SJtli  Annual  Report  of  ihc  Uegistrar-Gtneral). 


From  these  figures,  it  will  be  seen  that  it  would  not 
be  right  to  compare  the  general  death  rates  of  two 
towns,  one  of  which,  let  us  suppose,  had  a  larger  pro- 
portion of  females  and  of  young  adults,  and  a  smaller 
proportion  of  males  and  old  people,  than  the  other. 
Corrections  tiuist  therefore  be  made  for  difTerences  in 
the  age  and  sex  distribution.  It  is  for  this  reason  that 
the  uncorrected  death  rates  of  rural  districts  overstate, 
whilst  the  death  rates  of  large  cities  understate,  the  real 
mortality. 

Besides  norma!  increase  of  population  by  excess  of 
births  over  deaths,  the  immigration  into  large  towns, 
which  always  greatly  exceeds  the  emigration  from  them, 
tends  tu  firing  large  numbers  of  young  adults  into  the 
population,  and  so  influences  the  age  distribution. 

The  following  tabic  gives  the  age  dislribution  uf  i.ckio 
persons  in  liugland  and  Wales  (mean  of  censuses  of 
1881  and  1891): 
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V 

•0 

5.10 

10-15 

15-20 

20-25 

a5-3S 

35-45 

45-55 

5565 

^575 

>n9 

C 

r^Q. 

< 

9 

9 

1,000 

119 

.19 

»IO 

too 

90 

«49 

114 

85 

58 

33 

«3 

The  Registrar- General  has  adopted  the  following 
method  for  making  tlie  necessary  corrections  for  age 
and  sex  distribution  in  any  population  (Annual  Sum- 
mary, iS8j): 

Thi:  standard  death  rate  of  the  population  is  first 
obtained.  Tin's  is  a  death  rate  calculated  on  the  hypo- 
thesis that  the  mortality  of  tlic  population  at  each  age 
period  and  for  each  sex  corresponds  to  that  obtaining  in 
l£ngland  and  Wales  as  a  whole.  The  facts  as  to  the 
age  and  sex  distribution  of  the  population  of  any  area 
are  ascertained  from  the  last  census  returns,  and  thus 
the  population  can  be  split  up  into  the  numbers  living 
of  both  sexes  at  the  diflercnt  age  periods.  Then,  for 
the  purpose  of  calculating  the  standard  death  rate  of 
the  district,  it  is  assumed  that  those  living  in  each  of 
the  groups  will  die  at  the  same  rate  as  those  die  in  the 
similar  age-periods  in  Englami  and  Wales  generally  ; 
and  thus  a  hypothetical  nunjber  of  deaths  is  arrived  at, 
on  the  basis  of  applying  the  death  rates  of  ICngland  and 
Wales  at  diflfcrcnt  age  periods  to  those  living  at  such 
age  periods  in  the  particular  population  under  consider- 
ation. The  total  deaths  thus  calculated  x  1,000,  and 
divided  by  the  population  under  consideration,  will 
furnish  the  standaid  death  rate.  Now,  it  is  obvious 
that  if  any  town  has  the  same  relative  proportions  of 
males  and  females  in  the  diflferent  age  pericnls  as 
Kngland  and  Wales,  then,  if  the  mortality  rates  of 
■England  and  \\'ales  for  each  of  these  age  periods  and 
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for  both  sexes  arc  applied  to  tliese  numbers,  the  stan- 
dard death  rate  of  that  town  will  be  the  same  as  the 
death  rate  of  lingland  and  Wales.  Any  difference, 
therefore,  can  only  be  due  to  the  fact  that  the  town 
population  has  a  difTerent  age  and  sex  distribution. 

The  death  rate  of  England  and  Wales  is  therefore 
divided  by  the  calculated  standard  death  rate ;  and 
thus  a  factor  is  obtained  which,  when  multiplied  into 
the  recorded  death  rate,  serves  to  make  allowance  for 
differences  of  age  and  sex  distribution,  and  to  furnish  a 
corrected  death-rale— comparable  with  that  of  Ungland 
and  Wales  and  of  other  towns  corrected  on  the  same 
basis.  As  an  example  of  the  method  of  arriving  at 
a  corrected  death  rate,  the  following  may  be  given 
(Newsholme's  "Vital  Statistics")  : 


Mt-an   Annual 

Death  talc   oC 

Pi>pul« 
l^luddi 

Cakulatcd 

Ages. 

England  and  Wales. 
jHSi-()0,  per  1000 

rsficld 

Number  ol 
Deaths  in 

living  at  each 

liuddcnfield. 

Croup  of  Ages. 

Males.      Females. 

Males. 

Fcmftln. 

Males.    Females. 

Under  5      .     . 

6'-59       5'-95 

4.551 

4.785 

280           249 

5-       • 

535         527 

4.691 

5,081 

25             27 

10- 

296        311 

5. "3 

5.>65 

15              16 

«5- 

433         4*42 

4.905 

5.549 

21                25 

20- 

5*73         5-54 

4.54' 

5,461 

26               30 

25- 

778         7-41 

7.466 

8,834 

58               65 

35- 

12-41         tO'fil 

5.576 

6.265 

6g            66 

45- 

1936       15-09 

3.944 

4.649 

76            70 

55- 

31-69       2S-45 

2.393 

3.«>»7 

83            86 

65- 

7039       6036 

1. 128 

1.590 

79           96 

7Sand  upwards 

16262     147-911 

250 

44.558 

466 

41            69 

Totals 

50,862 

773          799 

95.4^0 

>.57-! 

riic  standard  death-rate  for  Huddersfield  is  therefore 

1,572x1,000 _  J,  ^  jj^g  annual  death  rate 

95,420 
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of  England  and   Wales    in    18.S1-90    was   19'15. 
factor  for  correction  for  Huddersfield  is,  tlierefore, 

16-47 
The  age  and  sex  distribution  of  Muddersfield  is  thus 
seen  to  be  more  favourable  to  a  low  death  rate  than 
that  for  the  country  as  a  whole ;  and  when  the  recorded 
dcatli  rate  is  multiplied  by  the  factor  and  brought  into 
comparison  with  the  deatli  rate  of  England  and  Wales, 
it  is  thereby  increased.  As  a  general  rule,  in  rural 
districts  the  age  and  sex  distribution  of  the  population 
is  less  favourable  to  a  low  crude  death  rate  than  that  in 
urban  districts  (Newsholme). 

The  comparative  mortality  figure  is  a  useful  means  of 
expressing  a  comparison  of  the  mortalities  in  different 
districts.     For  any  year  it  is — 

the  corrected  death  ratex  1,000 
death  rate  of  England~aiid^Wales' 
Taking  Huddersfield  again  as  an  example,  the  com- 
parative mortality  figure  of  that  town  for  1897  =^ 
I9:o7jo,ooo_ 

17-43 
This  implies  that,  after  making  allowance  for  age  and 
sex  distribution  of  the  population,  the  number  of  living 
persons  that  in   England  and  Wales  in  1897  furnished 
1,000  deaths,  in  Huddersfield  actually  furnished  1,094, 

The  factor  for  correction  exceeds  unity  in  twenty  six 
out  of  the  twenty-eight  large  towns  of  the  Registrar- 
General,  thus  showing  that  their  death  rates  without 
correction  are  undcrstalod,  ami  is  less  than  unity  in  the 
remaining  two  towns,  in  these  two  cases  the  uncorrected 
death  rates  l>eing  overstateil,  when  compared  with  the 
country  generally. 

The  number  of   males  and    females  living,  and   thai 
mean  death  rates  (or   18X1.90  at  the  13  age  periods 


among  a  million  persons  in  England  and  Wales,  has 
been  termed  the  *'  Standard  Million.''*  This  is  of 
great  utility  as  a  uniform  standard  of  comparison  of  the 
mortality  of  different  districts  with  one  another  and 
with  the  whole  country. 

Having  ascertained  the  death  rate  for  the  age  and 
sex  groups  in  the  population  of  a  given  district,  the 
number  of  deaths  which  would  have  occurred  in  each 
of  the  similar  age  and  sex  groups  of  tlie  standard 
million,  if  subject  to  the  same  mortality,  is  calculated. 
From  the  sum  of  these  deaths  a  death  rate  is  calculated 
for  the  district,  and  this  is  termed  the  "  corrected " 
death  rate,  for  it  is  the  death  rate  which  would  have 
prevailed  had  the  age  and  sex  distribution  of  the  popu- 
lation of  the  district  been  the  same  as  that  of  England 
and  Wales  as  a  whole. 

In  many  parts  of  large  towns  the  density  of  popu- 
lation is  very  great — 200  persons  to  an  acre  or  more — ■ 
and  the  death  rate  correspondingly  high.  The  high 
death  rates  which  go  with  dense  population  are  not 
simply  the  result  of  aggregation.  Aggregation  means, 
no  doubt,  generally  polluted  air  and  possibly  polluted 
water  and  soil,  and  the  easy  spread  of  infectious  disease. 
But,  as  Dr.  Ogle  has  pointed  out,  the  more  crowded  a 
community,  the  greater  the  amount  of  abject  want, 
filth,  crime,  drunkenness,  and  other  excesses,  the  more 
keen  is  the  competition,  and  the  more  feverish  and 
exhausting  the  conditions  of  life.  It  is,  too,  in  these 
crowded  communities  that  the  most  dangerous  and 
unhealthy  industries  are  carried  on.  These  indirect 
consequences  of  aggregation  influence  the  mortality 
greatly  more  than  the  direct. 

The  death  rate  from  a  disease  afTccling  only  a  par- 

•  ViiU  Supplement  10  the  55th  Annual  Keport  of  the  Regis'.rar- 
Cenerait. 
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ticular  class  should  be  expressed  as  the  number  of  these 
deaths  to  every  1,000  of  those  who  arc  liable  to  contract 
the  disease.  The  death  rate  from  puerperal  fever,  for 
instance,  should  be  taken  as 

the  deaths  from  puerperal  fever  x  1,000 

the  number  of  registered  births 

since  it  is  only  those  females  who  have  recently  been 

delivered  of  a  child  who  are  liable  to  die  from  this 

complaint. 

The  general  death  rate  fluctuates  considerably 
throughout  the  year.  In  large  communities  it  is 
generally  high  through  January,  February,  and  March, 
and  falls  considerably  through  April,  May,  and  June. 
It  often  rises  again  through  July  and  August,  to  fall  in 
September  and  October,  and  it  again  rises  in  November 
and  December. 

Mild  winters  and  cool  summers  favour  a  low  death 
rate,  from  the  lessened  mortality  from  respiratory 
diseases  and  intestinal  diseases  respectively.  Density 
of  population,  on  account  of  the  co-existent  poverty,  has 
a  great  effect  in  swelling  the  mortality  of  a  district. 

In  determining  the  cause  of  death  or  the  origin  of  an 
outbreak  of  disease,  much  more  than  the  mere  concur- 
rence of  two  phenomena  is  required  to  prove  their 
relation  as  cause  and  effect.  The  inductive  methods  of 
agreement,  of  difference,  and  of  concomitant  varia- 
tions must  be  worked  through,  and  the  possibility  of  a 
plurality  of  causes  should  never  be  lost  sight  of. 

We  are  now  in  a  position  to  understand  the  influence 
of  birth  rate  upon  death  rate.  In  large  towns  high 
death  rates  go  with  high  birth  rates ;  but,  as  pointed 
out  by  the  late  Dr.  Farr,  high  death  rates  are  not  the 
result  of  high  birth  rates  ;  they  arc  more  generally 
caused  by  density  of  population  (overcrowding  on  space 
and  in  houses)  and  by  bad  sanitary  conditions.  High 
birth  r^lus  should  cause  a  lowered  death   rale ;    for  if 


STATISTICS. 

year  by  year  the  births  exceed  the  deaths  amongst  a 
population,  not  only  are  additional  children  under  tivo 
years  of  age,  whose  mortality  is  high,  added  to  the 
IX)pulation,  but  a  still  larger  increase  of  those  between 
ten  and  forty,  whose  mortality  is  low,  takes  place  and 
counterbalances  the  other  ;  whilst  the  proportion  uf  uKi 
people  over  fifty-five  years  of  age  to  the  total  popula- 
tion is  diminished.  A  high  birth  rate,  therefore,  con- 
tinuing over  a  period  of  years,  is  favourable  to  a  low 
death  rate,  and  a  low  birth  rate  to  a  high  death  rate. 
If  we  find — as  is  actually  the  case — that  .-»  rural  district 
with  a  low  birth  rate  has  also  a  low  death  rate,  whilst 
an  urban  district  with  a  high  birth  rate  has  a  high 
death  rate,  we  must  conclude  that  tlic  sanitary  sur- 
roundings, the  occupations,  or  the  social  conditions  of 
the  rural  districts  are  more  favourable  to  life  than  those 
of  the  urban.  These  are  the  main  causes  of  the  varying 
health  conditions  of  populations,  of  whicli  death  rates, 
with  certain  limitations,  afford  trustworthy  evidence. 

In  estimating  the  total  death  rate  of  ;i  cuiiibination  of 
two  or  more  districts,  which  exhibit  different  iiiort.ility 
figures,  the  method  of  taking  the  average  of  the  district 
death  rates,  irrespective  of  population,  would  introduce 
a  serious  error. 

Example.— If  A  ha«  a  population  of  10,000  and  a  il««ih  rat*  o( 
25  per  1,000;  if  B  has  a  )>u|niljitlr>i)  of  2,oix)  and  •  d*alh  rate  of  10 
per  1,000 ;  and  if  C  has  a  txipul.itmn  of  7,ik>u  and  a  dfalh  rata  of  i) 
per  1,000,  the  death  rate  of  the  combined  diXricti  with  a  population 
of  19,000  is — 

(l°.'»°X25)f('-""'  X  10) >(/■««  X.j). 
\i9,ooo         /      \i9,i»io         /      Vlg.cjoii         / 

a5o-Ho-Ho<_37j_     . 
ig  19  ' 

If,  however,  the  average  of  ij,  10,  anil  i)  had  Ixen  (■k«o,  vi(., 
16-6,  an  error  of  3-1  per  i.oou  would  liava  b*«n  sommiiiad, 
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The  mean  age  at  death  of  a  population  is  obtained  by 
adding  together  the  ages  at  which  people  die,  and 
dividing  the  number  of  years  by  the  number  of  deaths. 
It  is  merely  an  expression  of  the  average  age  at  death 
of  a  population,  and  gives  no  evidence  of  the  health  or 
sanitary  condition  of  the  community.  When  a  popula- 
tion is  rapidly  increasing  by  excess  of  births  over  deaths, 
the  mean  age  at  death  is  low,  because  the  population  is 
largely  composed  of  young  persons.  When  a  population 
is  nearly  stationary,  the  proportion  of  old  people  to  the 
total  population  is  large,  and  the  mean  age  at  death  is 
high.  The  mean  age  at  death,  therefore,  gives  informa- 
tion as  to  the  ages  of  the  dying  and  per  contra  of  the 
living  in  different  communities,  but  nothing  more. 

A  life  table  represents  a  generation  of  a  million  in- 
dividuals passing  through  life  to  extinction.  The  genera- 
tion is  made  to  consist  of  identical  proportions  of  the 
sexes ;  and  each  sex  at  every  age  is  subjected  to  the 
same  proportionate  mortality  as  is  actually  found  to 
exist  in  the  community  from  the  most  recent  data 
available.  The  mean  mortality  figures  for  a  series  of 
years  should  be  taken,  as  the  returns  for  a  single  year 
may  be  exceptional  in  character.  Such  tables  afford 
the  scientific  basis  on  which  the  calculations  for  life 
assurance  are  founded,  for  they  enable  us  to  measure 
the  probabilities  of  life  and  death. 

The  nuan  duration  of  life  or  expectation  of  life  at  birth 
differs  widely  from  the  mean  age  at  death,  when  the 
population  is  continuously  disturbed  by  a  Huctuating 
birth  rate,  immigration,  and  emigration,  although  when 
the  population  is  stationary  they  coincide.  Thus,  the 
mean  duration  of  life  in  England  (1881-90)  for  males,  as 
calculated  from  a  life  table,  was  43*66  years ;  whereas 
the  mean  age  at  death  was  only  twenty-nine  years, 
whilst  one  in  forty-five  died  annually.    It  must  be  borne 
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in  mind  tliat  this  difference  is  due  to  the  fact  that  the 
mean  duration  of  hfe  is  calculated  from  life  tables  in 
which  all  the  members  of  a  hypothetical  population  are 
traced  through  life,  while  the  mean  age  at  death  is  a 
calculation  based  upon  the  actual  registered  deaths  in  a 
population  disturbed  by  fluctuations  of  both  immigra- 
tion and  emigration.  The  mean  duration  of  life  is  found 
from  life  tables,  wliich  show  how  many  of  a  given 
number  born  live  through  each  year  of  age,  and  what 
is  the  sum  of  the  number  of  years  they  live  ;  the  sum  of 
these  years  divided  by  the  lives  is  the  mean  duration  of 


English  Life  Table,  iR8i-qo  (AnRinaED    from  Dr.  Tatham's).* 


Malei. 

Females. 

AgI!. 

Of  a  miUiun  hntn 

Me«n  •fler- 

Of  a  million  born 

Mean  after- 

number  sun-iving. 

lifettme. 

number  surviving. 

lifetime. 

o 

t, 000,000 

43-66 

1,000,000 

47-. S 

I 

838,96t 

5o'97 

868,874 

5324 

a 

790.891 

5304 

823,072 

5518 

3 

772,046 

53-3» 

804,142 

55-46 

4 

760,167 

53'S 

79».973 

55-3J 

S 

75 1. 494 

527s 

78.1.244 

5492 

lo 

733.477 

4900 

766,151 

51-10 

15 

726.194 

4447 

759,062 

4655 

30 

7'2.555 

40-27 

744.3^' 

42-42 

25 

693.809 

3628 

724,78s 

3850 

30 

669,279 

32-52 

700,0 19 

3476 

35 

639.645 

28-91 

670,992 

3i'>6 

40 

604,923 

25-42 

638.912 

27-60 

45 

564.437 

2j-o6 

604,007 

24-05 

50 

5'7.639 

1882 

564.299 

2056 

55 

462.981 

'574 

5>6..175 

17-23 

.60 

398.400 

12-88 

457.682 

14-10 

65 

322,48a 

10-31 

S'JS.SOS 

11-26 

70 

338,632 

8-04 

299,220 

877 

75 

153,890 

6-10 

204.208 

6'68 

80 

80,023 

.4-52 

>  11.536 

5-00 
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life  (mean  after-lifetime  or  expectation  of  life  at  birth). 
It  is  not  the  same  thing  as  the  prohabk  duration  of  life, 
which  is  the  age  at  which  a  given  number  of  children 
born  at  the  same  time  are  reduced  one-half,  the  chances, 
therefore,  of  their  dying  before  or  after  that  age  being 
equal.  The  mean  duration  of  life  for  males  (English 
life  table,  1881-90)  was  43*66  years,  whilst  the  probabU 
duration  of  life  was  about  52  years. 

From  this  table  it  will  be  seen  that,  after  the  first 
year  of  life,  the  chances  of  living  increase  up  to  the 
third  year,  and  remain  nearly  as  good  through  the 
fourth  and  fifth  years,  Subsequent  to  this  age,  the 
chances  of  life  lessen  up  to  fifty  years  of  age  in  the 
ratio  of  from  three  to  four  years  for  each  five  lived, 
the  greatest  reduction  being  4"5  years  from  the  age  of 
ten  to  the  age  of  fifteen.  After  fifty  the  chances  of  lifaH 
lessen  more  rapidly.  ^^ 

Mean  after-lifetime  is  a  more  accurate  expression 
than  expectation  of  life,  as,  strictly  speaking,  the  time 
which  it  is  expected  a  person  will  live  is  the  time  which 
it  is  an  even  chance  he  will  live ;  it  is  then  strictly  the 
probable  duration  of  his  life.  It  has  been  thought 
advisable  to  retain  here  the  term  "  expectation  of  life," 
as  being  the  term  usually  employed  in  life  tables.  liifll 
must  be  understood,  however,  to  mean,  whenever  ex- 
pressed, the  mean  after-lifetime,  and  not  the  probabl^i 
duration  of  life.  jH 

It  has  been  shown  by  the  late  Professor  de  Chaumonf 
that  the  mean  duration  of  life  may  be  approximately 
calculated  from  the  birth  rate  and  death  rate  by  the 
following  formula:  where  6  =  birth  rate  per  unit  of  the 
population,  and  </= death  rate  per  unit  of  the  popula- 
tion. 


Then  mean  duration  of  life  =  |    x 
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This  formula,  however,  is  really  only  applicable  when 
the  birth  and  death  rates  do  not  depart  much  from  the 
average  of  the  whole  country. 

Dr.  Tatham  has  shown  how  a  figure,  representing 
what  he  terms  "life  capital,"  can  be  obtained  with  the 
assistance  of  a  life  table.  If  the  most  recent  mortality 
returns  for  a  single  year  are  compared  with  the  mean  ot 
those  obtained  for  a  succession  of  the  years  immediately 
preceding,  the  comparison  will  generally  be  a  favourable 
one  to  the  most  recent  year.  The  difference  in  the 
number  of  deaths  will  be  the  lives  saved  to  the  com- 
munity. If  each  life  gained  be  multiplied  by  the  mean 
expectation  of  life  for  the  corresponding  age  period,  we 
obtain  the  gain  of  life  capital  of  the  community  for  each 
age  period,  and  from  this  the  gain  for  the  whole  com- 
munity can  be  ascertained. 

The  latest  English  life  table  (Dr.  Tatham's)  is  based 
upon  the  mean  population  of  each  sex,  and  at  each  year 
of  age,  for  the  decennium  1881-90,  and  on  the  total 
deaths  for  each  sex  at  each  year  of  age  during  the  same 
period.  Then  the  rate  of  mortality  per  unit  of  the  male 
or  female  population  at  any  age  .r  = 

number  dying  at  age  x   _ 

mean  population  at  age  x       ' 

The  mean  population  at  the  age  x  is  the  precise  number 

returned  as  living  at  the  age  x  less  one-half  of  the  deaths 

occurring  in  the  ensuing  year.     The  probability  that  a 

person  of  the  precise  age  x  will  survive  one  full  year  = 

number  of  survivors  at  end  of  year  x  _, 

number  Hving  at  beginning  of  year  x      *' 

Thus,  starting  with  a  certain  number  [I)  at  birth,  if  / 
is  multiplied  by  the  probability  of  living  one  year,  the 
number  surviving  at  the  end  of  the  year  is  obtained. 
Similarly,  the  number  living  at  the  end  of  the  second 
year  is  obtained  by  multiplying  the  number  commencing 
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the  year  by  the  probability  of  their  surviving  the  year, 
and  so  on.  In  tliis  way,  commencing  with  a  certain 
number  at  birth,  the  number  surviving  at  each  year  of 
age  up  to  a  hundred  or  more  years  can  be  ascertained 
and  entered  in  the  hfe  table  column  (see  "  Vital  Statis- 
tics," A.  New^hoime,  M.D.). 

Life  tables,  besides  giving  the  numbers  surviving  at 
all  ages  from  a  million  born  at  one  and  the  same  time, 
also  enable  the  mean  duration  of  life  or  the  expectation 
of  life  r.t  birth  to  be  calculated,  as  well  as  the  mean 
after-lifetime  or  the  expectation  of  life  at  any  age — that 
is,  the  length  of  time  a  person  of  any  age  may  be  expected 
to  live.  The  expectation  of  life  at  any  age  is  calculated 
from  the  numbers  living  at  the  age  in  question  (given  in 
the  life  table)  and  from  the  years  of  life  they  subse- 
quently live,  just  as  is  the  mean  duration  of  life  (expec- 
tation of  life  at  birth).  For  ages  between  twenty-five 
and  seventy-five,  Willich's  formula  also  gives  approxi- 
mate results. 

If  AT  =  expectation  of  life,  and  a  =  present  age,  then 
X  =  I  (80-0). 

Life  tables  afford  an  excellent  test  of  the  health  of 
a  community.  By  the  English  table  for  1881-90,  the 
expectation  of  life  at  birth  for  males  is  43'66  years ; 
whereas  it  was  41  "35  by  the  table  of  1871-80,  and  39'9i 
by  the  1838-54  table.  Among  females,  the  expectation 
of  life  was  41 -85  and  44*62,  respectively,  in  the  two 
earlier  tables,  and  47- 18  by  the  new  table.  The  expec- 
tation of  life  increases  every  year  in  both  sexes  up  to 
the  third  year,  when  it  is  53'32  for  males  and  55*46  for 
females,  the  dangers  to  life  of  the  period  of  infancy 
being  then  passed.  Subsequent  to  the  third  year,  the 
expectation  of  life  gradually  decreases  for  each  year  of 
age.  The  expectation  of  life  for  all  ages  up  to  forty- 
Scvt  j?ar§  is  hi^h^r  by  th?  re:ent  table  (J881-90)  than 
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by  the  previous  one  (1871-80).  But  after  the  age  of 
forty-four  the  expectations  of  life  are  slightly  higher  by 
the  old  table  than  by  the  new. 

As  compared  with  the  older  life  table  of  1838-54,  the 
expectation  of  life  for  males  by  the  most  recent  table  is 
only  higher  up  to  tlic  age  of  twenty-six  years,  and  be- 
yond that  age  is  lower.  For  females  the  most  recent 
table  shows  an  expectation  of  life  higher  up  to  the  age 
of  forty-four,  as  compared  with  the  1S34-54  table.  The 
causes  of  this  alteration  in  figures  between  the  newest 
and  oldest  life  tables  appear  to  be  that  by  improved 
sanitary  surroundings  the  lives  of  infants  and  children 
have  been  saved  in  the  recent  period  which  were  sacri- 
ficed in  the  former,  thus  increasing  the  expectation  of 
life  during  childhood,  youth,  and  early  manhood.  After 
reaching  adult  age,  males  are  now  subjected  to  condi- 
tions which  are  not  more  favourable  to  life — probably 
less  so  from  increased  competition  and  difficulty  in  gain- 
ing a  livelihood — than  existed  between  1838-54  ;  and 
this,  together  with  the  fact  that  some  of  the  lives  saved 
in  childhood  are  probably  unhealthy  ones,  which  would 
have  perished  under  the  old  insanitary  conditions, 
accounts  for  the  expectation  of  life  being  now  actually 
less  for  adults  over  twenty-six  years  of  age  than  for- 
merly. Females,  not  being  subject  to  the  same  condi- 
tions as  males,  and  living  more  at  home,  are  likely  to 
derive  benefit  from  improved  sanitation  after  reaching 
adult  age,  as  is  indeed  plainly  shown  by  the  life  tables. 
After  the  age  of  forty-five,  however,  the  unhealthy 
female  lives  saved  in  infancy  begin  to  influence  the 
expectation  of  life. 

Although  by  the  male  life  table  the  expectation  of  life 
after  twenty-six  years  is  less  now  than  fifty  years  ago, 
tlie  numbers  living  at  each  year  of  age  up  to  seventy- 
pine  years  are  greater  by  the  1881-90  table  than  by  the 


I 


HYGIENE 


PUBLIC    HEALTH. 


the  numbers  living 
the  numbers  living 


1838-54  table  ;  after  seventy-nine 
are  less.  By  the  female  life  table 
up  to  the  age  of  eighty-nine  are  greater  by  the  new  than 
the  old  table.  It  is  thus  seen  that  there  has  been  a 
great  saving  in  life,  in  recent  years,  of  males  and  females 
up  to  ages  which  embrace  practically  the  entire  lifetime. 
Although  out  of  a  given  number  of  children  born  more 
survive  and  reach  the  later  age  periods  than  formerly,  it 
must  not  be  thought  that  individual  life  is  lengthened  ; 
for,  as  the  life  tables  show,  individual  life  is  shortened 
after  reaching  a  certain  age  in  both  sexes,  the  reduction 
in  the  expectation  of  life  being  due  to  an  increased 
mortality  during  the  later  age  periods. 

The  reasons  for  stating  the  death  rates  of  males  and 
females  separately,  and  at  groups  of  ages,  as  well  as  the 
death  rate  for  all  ages  and  both  sexes,  when  it  is  neces- 
sary to  compare  the  vital  statistics  of  different  com- 
munities, will  now  be  understood.  The  death  rates  of 
infants  under  one  year,  and  of  children  under  five 
years,  are  most  important,  as  they  afford  very  positive 
evidence  of  the  sanitary  condition  of  a  community. 
The  death  rates  of  infants  under  one  year  should  be 
stated  as  so  many  deaths  in  a  year  to  1,000  registered 
births,  this  rate  being  known  as  the  "  rate  of  infantile 
mortality."  This  rate  has  the  advantage  that  it  can  be 
computed  with  certainty  from  an  accurate  register  of 
births  and  deaths ;  whereas  the  other  death  rates, 
except  in  census  years,  have  to  be  calculated  from  an 
estimated  population,  and  are  not,  therefore,  so  accurate. 

The  rate  of  infantile  mortality  is  liable  to  considerable 
fluctuations  year  by  year,  the  fluctuations  being  largely 
determined  by  the  increased  or  diminished  incidence  of 
summer  diarrhoea.  The  rate  in  this  country  furnishes 
no  evidence  of  any  continuous  reduction,  and  the  deaths 
under  one  year  of  age  still  continue  to  form  some  35  per 
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cent,  of  the  total  deaths.  The  chief  registered  causes 
of  infantile  mortality  are  as  follows: — Debility,  inanition 
and  prematurity  of  birth,  diarrhoea  and  dysentery, 
measles  and  whooping  cough,  convulsions,  accidents 
(including  "  overlying "),  bronchitis  and  pneumonia. 
Seventy  per  cent,  of  the  total  infantile  mortality  is 
generally  ascribed  to  the  above  mentioned  causes.  The 
rate  of  infantile  mortality  among  illegitimate  children  is 
about  double  that  of  children  born  in  wedlock. 

For  England  and  Wales,  in  the  ten  years  1881-90,  the 
average  number  of  deaths  of  male  infants  under  one 
year  to  1,000  births  was  155,  of  female  infants  128,  and 
of  both  se,\es  142. 

The  deaths  of  children  under  five  should  be  stated  as 
death  rates  per  1,000  living  under  that  age.  The  aver- 
age rate  for  male  children  for  England  and  Wales 
(1881-90)  was  61-69  P"^"^  1,000,  for  female  children  5i"99 
per  1000,  and  of  both  sexes  56-82.  No  doubt  some  part 
of  this  infant  and  child  mortality,  which  is  preventable, 
is  due  to  other  causes  than  insanitary  conditions  con- 
trollable by  local  authorities,  such  other  causes  being 
maternal  neglect,  insufficient  and  improper  nourish- 
ment, &c.  Still,  just  as  Dr.  Farr  said  a  sustained  rate 
of  general  mortality  above  17  per  1,000  always  implies 
unfavourable  sanitary  conditions,  so  it  may  be  said  that 
rates  of  mortality  amongst  infants  and  young  children, 
which  exceed  the  rates  prevalent  in  the  country  gener- 
ally, are  mainly  indications  of  bad  sanitary  conditions 
in  the  communities  in  which  they  occur. 

The  system  of  certification  of  the  cause  of  death — 
although  still  very  incomplete,  both  from  errors  in 
diagnosis  and  improper  nomenclature,  and  from  want  of 
certification  amongst  the  very  poor  in  large  cities — 
enables  the  death  rate  from  special  diseases,  or  groups 
of  diseases,  to  be  stated  with  some  approach  to  accu. 


HYGIENE 


PUDLIC    HEALTH. 


racy."  The  death  rates  from  the  principal  zymotic 
diseases,  from  tuberculosis,  phthisis,  and  acute  diseases 
of  the  lungs,  afford  most  valuable  evidence  of  sanitary 
condition.  The  seven  principal  zymotic  diseases  of  the  I 
Registrar -General  are:  smajl-pox,  measles,  scarlet 
fever,  diphtheria,  whooping-cough,  "fever"  (i.«.,  typhus, 
enteric  fever,  and  simple  continued  fever),  and  diar- 
rhoea.   Of  these,  enteric  fever  mortality  is  the  best  test 
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iSyi-So 

1881-90 

1891  95 

All  eoHSfi      ..... 

aii7 

19-08 

18-73 

Small-pox 

023 

0045 

0-020 

Measles 

oj8 

OM4 

0-40 

Scarlet  fever           .... 

0-72 

0-33 

o'i8 

Diphtheria 

0-12 

o'l6 

0-25 

Whooping  cough  .... 

0-51 

0-45 

o-39 

Typhus 

o-o6 

o-oij 

0-004 

Enteric  fever          .... 

0-32 

0-20 

0-17 

Simple  continued  fever 

o-io 

0-025 

o-oo8 

Diarrhcea  and  dysentery 

093 

0-67 

0-65 

Zymotic  diteaiti    .... 

347 

2-36 

3-07 

Phthisis 

2-12 

1-72 

1-46 

Other  tubercular  diseases 

0-75 

0-70 

0-66 

Diseases  of  the  respiratory  system 

39 

373 

374 

Cancer 

0^46 

0-58 

071 

*  The  best  statistical  evidence  of  the  health  of  a  community  i«,  of 
course,  furnished  by  the  corrected  death  rate,  although  a  sick  rale 
("  morbidity  rate  ")  would  furnish  still  better  evidence.  The  regis- 
tration of  sickness,  however,  would  be  open  to  many  fallacies  and 
abuses.  The  scant  returns  which  are  available  in  this  country  (i.r., 
from  sick  clubs,  friendly  societies,  industrial  organisations,  hospitals, 
army,  navy,  police,  &c.)  are  only  concerned  with  disabling  sickness, 
among  what  are  often  Kclcctci  lives,  and  are  of  little  value  fcr  the 
purpose  under  contidcration.  On  an  average,  there  are  two  }'eats  Qf 
ricktefi  tuffcred  to  each  death  tegistcied. 
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of  sanitary  condition,  caused  as  it  is  by  specific  faecal 
contamination  of  soil  and  water  ;  whilst  diarrhoea,  with 
its  special  incidence  on  young  children,  is  notably 
associated  with  insanitary  surroundings.  The  other 
zymotic  diseases,  although  probably  favoured  in  their 
onset  and  fatality  by  unhygienic  conditions,  also  indi- 
cate, when  the  mortality  from  them  is  high,  a  failure  on 
the  part  of  the  sanitary  authority  to  control  their  spread 
by  disinfection  and  isolation.  Tuberculosis,  phthisis, 
and  acute  diseases  of  the  lungs,  are  most  prevalent  and 
most  fatal  amongst  communities  where  overcrowding  in 
dwellings  or  workshops  is  allowed  to  e.xist,  or  where 
sites  are  damp  and  the  subsoil  saturated  with  water. 
They  may  thus  be  taken  as  evidence  of  a  certain  class 
of  insanitary  conditions,  usually  associated  with  poor 
town  populations.  The  rate  of  infantile  mortality, 
though  influenced  solely  by  conditions  affecting  those 
under  one  year  of  age,  also  ranks  high  as  evidence  of 
the  health  of  a  community. 

The  number  of  deaths  at  a  special  age  period  must 
not  be  stated  as  a  proportion  of  the  total  population, 
nor  must  the  deaths  from  a  special  disease  be  stated  as 
a  proportion  of  the  total  deaths  from  all  causes  ;  for  a 
fallacy  is  involved  in  attempting  to  establish  a  relation- 
ship between  two  factors,  both  of  which  are  variable. 
The  number  of  deaths  at  a  certain  age  period  must  be 
expressed  as  a  proportion  of  the  number  living  at  the 
age  in  question,  this  number — as  we  have  seen — vary- 
ing considerably  in  different  communities.  The  special 
disease,  also,  may  be  one  affecting  chiefly  a  certain  age 
period  and  sex,  and  a  like  error  will  be  involved  if  the 
rate  is  not  expressed  as  per  i,ooo  of  the  population 
living  at  the  same  ages  and  of  the  same  sex  as  those 
attacked.  Dr.  Ransome  gives  the  following  example  of 
the  fallacious  character  of  such  statements'^' :  — 
•  "  Vilal  Statistics,"  by  A.  Newsholme,  M.D, 


■ 


I 


HYGIENE    AND    PUBLIC    HEALTH. 

A  town  A  has  a  population  of  100,000  with  2,c 
annual  deaths,  of  which  500  are  caused  by  phthisis. 
A  town  B  has  a  population  of  100,000  with  4,000  annual 
deaths,  of  which  1,000  are  due  to  phthisis.  The  general 
death  rate  of  A  is  20  per  1,000,  of  B  40  per  1,000.  A's 
death  rate  from  phthisis  is  5  per  i,ooo,  B's  is  10  per 
1,000;  but  the  proportion  of  deaths  from  phthisis  to 
total  deaths  is  250  to  1,000  in  the  case  of  both  A  and  B; 
and  judging  from  this  test  alone,  A  would  appear  to 
suffer  as  severely  from  phthisis  as  B,  although  as  a 
matter  of  fact  its  death  rate  from  phthisis  is  only 
half  B's. 

Again,  more  than  90  per  cent,  of  the  deaths  from 
scarlet  fever  occur  among  children  under  ten  years  of 
age.  Now,  children  under  ten  amount  to  25  per  cent, 
of  the  population  in  Berlin,  but  only  to  12*4  per  cent,  of 
that  of  Paris.  An  equal  death  rate  from  scarlet  fever 
in  the  two  cities  would,  therefore,  imply  a  mortality 
twice  as  great  in  Paris  as  in  Berlin. 

The  annual  birth  rate  in  England  and  Wales  is  now 
about  30  per  1,000  (in  1899  it  was  29*2).  The  birth 
rate  has  steadily  declined  since  the  year  1876,  when  it 
was  363  per  1,000,  and  the  highest  recorded  rate  of 
any  year  since  civil  registration  began  (1839).  The 
now  prevailing  rate  is  lower  than  that  of  any  year  in 
the  same  period  (1839-90). 

In  1898,  16-3  persons  were  married  per  1,000  of  the 
population  in  England  and  Wales.  The  marriage  rate 
fell  continuously  from  the  year  1873  (i7'6  persons 
married  per  1,000)  to  the  year  1886  (i4"a  per  1,000)  but 
has  since  risen  again. 

The  lowest  annual  death  rate  in  England  and  Wales 
ever  recorded  since  civil  registration  began  was  in  the 
year  1894,  the  rate  being  166  per  1,000.  A  higher 
mortality  prevailed  in  the  four  years  1890,  1891,  1892, 


and  1893,  tbs  average  death  rate  being  19-5  per  1,000, 
which  is  attributable  to  the  pre%'alence  of  influenza  in 
those  years  and  a  great  fatality  from  lung  diseases,  the 
sequelas  of  influenza. 

The  average  annual  death  rate  of  the  ten  years 
1861-70  was  22-5  per  1,000;  of  the  ten  years  1871-80, 
2i'3  per  1,000  ;  and  of  the  ten  years  1881-90,  only  ig'i 
per  1,000.  Although  to  a  great  extent  this  lowered 
death  rate  must  be  credited  to  the  operation  of  the 
Public  Health  Acts,  and  the  more  stringent  application 
of  these  Acts  and  of  local  by-laws,  still,  it  must  not  be 
forgotten  that  the  lowered  birth  rate  would  conduce  to 
a  lowering  of  the  death  rate  for  some  few  years  at  least, 
as  the  proportion  of  children  under  five  years  of  age, 
whose  death  rate  is  high,  would  be  diminished,  and  the 
ratio  of  older  children  and  adults  to  the  entire  popula- 
tion would  be  increased.  If  the  birth  rate  continues  to 
fall,  as  it  has  done  in  the  last  twenty  years,  we  may 
expect  the  death  rate  eventually  to  rise  again,  owing  to 
the  increase  in  the  mean  age  of  the  population,  and  a 
consequently  increased  ratio  of  old  people  (over  fifty- 
five  years)  to  the  total  population. 

It  is  a  remarkable  fact  that  the  death  rate  in  town  or 
urban  districts  has  declined  to  a  greater  extent  than 
that  in  rural  districts,  as  the  following  table  (from  the 
53rd  Annual  Report  of  the  Registrar-General  shows : 


Uc«lh  Rale  per  j.oou  l'er»on»  living. 

Yean. 

EnKltnd  ind 
Wale 

Town 
Diuricu. 

Conntnr 
Oiilrkta. 

185160 
1861-70 
1871-80 
1881-90 

22-2 
22-5 
21-4 

247 
248 
231 

20-3 

19-9 
19-7 
ig'o 
J  73 
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Whilst  in  1861-70  there  were  126  deaths  in  town 
districts  to  every  100  deaths  in  country  districts  for 
equal  numbers  living,  and  in  1871-80  there  were  122 
deaths  in  towns  to  loo  in  the  country,  in  1881-90  there 
were  only  117  deaths  in  towns  to  100  in  the  country. 
This  means  that  sanitary  measures  carried  out  in  towns, 
where  they  were  most  needed,  have  done  more  to  pro- 
long human  life  than  in  the  country,  and  that  sanitary 
improvements  have  been  undertaken  with  greater  vigour 
and  thoroughness  in  urban  than  in  rural  districts. 

The  following  table  indicates  the  differences  in  the 
general  death  rates  and  in  the  rates  of  the  seven  prin- 
cipal zymotic  diseases  in  1897  in  England  and  Wales 
generally,  and  in  England  and  Wales  less  the  100  chief 
towns : 

EnfUnd  tod  Witn 

le«s  the  too  Chief 

Town*. 

.         16-4 

i6j 

000 

o-ig 

0-I3 

.  o'lg 

03J 
014 
057 

It  is  very  necessary,  in  comparing  the  death  rates  in 
town  and  country  districts  respectively,  to  correct  for 
the  very  different  age  and  sex  distributions  in  the 
country  and  in  towns,  which  are  due  to  the  immigration 
of  those  in  tlic  middle  age  periods  from  the  country 
districts  into  the  towns  with  the  object  of  finding 
employment  there  at  better  wages. 

The  leading  causes  which  serve  to  raise  the  death 
rates  of  towns  above  those  in  country  districts  are  as 
follows ; — Overcrowding,  which  directly  causes  disease 


Eojeland 
And 

W.lM. 

A'.l  causes    .        .        ,        , 

'7-4 

Principal  /jmoiic  diseases   . 

215 

Smallpox    .        .        .        . 

o-oo 

Measles        .        .        ,         . 

0-40 

Scarlet  fever 

014 

Diphtheria    .         .         .         . 

024 

Whooping  cough 

035 

Fever 

o-i6 

Diarrhoea      .        .        .         . 

086 

L 
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and  promotes  the  spread  of  communicable  illness,  espe- 
cially summer  diarrhcRa,  measles,  and  phthisis;  the 
higher  birth  rates,  attended  with  a  higher  rate  of  infan- 
tile mortality,  and  a  higher  zymotic  death  rate ;  the 
less  healthy  occupations  ;  the  greater  amount  of  profli- 
gacy and  intemperance;  the  larger  number  of  accidents; 
the  existence  of  many  public  and  private  institutions  for 
the  reception  of  the  sick,  which  attract  people  from  the 
neighbouring  rural  districts,  and  the  fact  that  the  deaths 
occurring  in  these  institutions  are  not  always  allotted  to 
the  districts  from  which  the  sufferers  came. 

The  importance  of  a  right  use  of  vital  statistics,  and 
of  avoiding  unfounded  and  erroneous  deductions,  is  so 
great  that  it  will  be  well  to  further  indicate  some  of  the 
errors  and  fallacies,  which  are  either  inseparable  from, 
or  are  introduced  into  the  subject. 

In  the  first  place,  the  data  derived  from  the  census 
returns  are  incomplete  and  sometimes  fallacious :  e.g., 
old  people  are  often  ignorant  of  their  precise  age,  and 
frequently  overstate  it  when  very  old ;  females  often 
wilfully  misstate  their  ages ;  and  young  children  are 
often  returned  as  one  or  two  years  old  when  they  are 
only  in  their  first  and  second  years.  .Again,  the  popula- 
tion is  only  an  estimate  in  the  intercensal  periods,  and 
considerable  errors  in  the  estimation  often  arise ;  it  is 
for  this  reason  especially  tliat  a  five-yearly  census  is  so 
much  to  be  desired.  The  registration  of  births  and 
deaths,  and  the  certification  of  the  causes  of  deaths,  are 
subject  to  many  fallacies,  arising  from  faulty  diagnosis, 
indefinite  certification,  and  the  lack  of  uniformity  in  the 
nomenclature  of  disease  ;  whilst  many  births  escape 
certification  from  ignorance,  shame  of  illegitimacy,  or 
from  the  parents'  desire  to  avoid  vaccination.  The 
use  of  such  terms  as  "convulsions,"  "jaundice,"  and 
."  dropsy,"  for  instance,  should  he  avoided,  whenever 
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the  true  cause  of  these  symptoms  can  with  reasonable 
certainty  be  substituted.  It  is  impossible,  also,  to 
correctly  classify  deaths  which  are  returned  as  due  to 
two  or  three  distinct  maladies,  without  any  indication 
as  to  which  was  the  primary  cause  of  death.  Various 
classifications  of  deaths  have  been  suggested  and  em- 
ployed ;  they  may  be  based  on  symptoms,  causes,  the 
tissues  and  organs  affected,  or  the  parts  of  the  body 
affected  considered  anatomically.  The  latter  is  the 
classification  suggested  by  Farr  and  BertiUon ;  and  it 
would  probably  insure  a  greater  precision  in  classifica- 
tion, and  favour  a  more  just  comparison  of  the  deaths 
from  various  causes  than  any  other. 

The  Society  of  Medical  Officers  of  Health  has  issued 
certain  rules  as  to  the  classification  of  causes  of  death. 
It  is  advised,  as  a  general  rule,  to  select  from  several 
diseases  mentioned  in  a  certificate,  the  disease  of  the 
longest  duration,  but  any  one  of  the  chief  infective  dis- 
eases should  be  selected  in  preference  to  any  other 
cause  of  death ;  and  definite  diseases,  ordinarily  known 
as  "constitutional  diseases,"  should  have  preference 
over  those  known  as  local  diseases.  When  apoplexy 
occurs  in  conjunction  with  definite  disease  of  the  heart 
or  kidneys,  the  heart  or  kidney  disease,  as  the  case  may 


be,  should  be  preferred  ;  and  when  hemiplegia  is  certi-  ^H 
fied  in  conjunction  with  embolism,  the  embolism  should  " 


■  be  selected.  Diarrhoea  should  be  ascribed  as  the  cause 
of  death  only  when  mentioned  alone  or  in  connection 
with  some  other  indefinite  cause  such  as  convulsions, 

W  teething,  marasmus,  &c.    In  addition  to  deaths  ascribed 

■  to  diarrhoea  alone,  or  as  above  indicated  in  the  certifi- 
K  catc,  deaths  from  intestinal  catarrh,  epidemic  enteritis,  or 
^mfmotic  tnteritis,  should  be  included  under  diarrhoea.     But 

deaths  from  f;astric  catarrh,  as  well  as  from  gastro-enteritis 
anJri»/eri/n  ^without  the  prefix  epidemic  or  zymotic),  should 
A«?  excluded. 
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The  death  rate  of  seaside  places  is  seldom  correct.  A 
certain  number  of  visitors  are  always  included  in  the 
estimation  of  the  population,  and  it  is  not  easy  to  ex- 
clude the  deaths  of  visitors.  The  domestic  servants  in 
a  community  introduce  a  further  fallacy  in  vital  statis- 
tics, since  they  rarely  die  in  service.  Although  counted 
in  the  population  of  the  district  where  they  reside,  they 
frequently  return  to  their  homes  in  rural  districts,  when 
seriously  ill  and  unfit  for  further  service. 

The  death  rates  of  general  hospitals  can  never  be 
justly  compared,  because  of  the  varying  nature  and 
gravity  of  the  cases  admitted  from  time  to  time,  the 
varying  proportion  of  medical  to  surgical  beds,  &c.  The 
tieath  rate  is  often  stated  as  the  number  of  deaths  to 
every  roo  occupied  beds,  but  it  is  better  to  express  the 
deaths  as  a  ratio  of  the  number  of  cases  treated  to  a 
termination. 

Occupalion  plays  an  important  part  in  determining 
mortality,  some  occupations  being  far  more  healthy 
than  others.  Ocatpational  mortality  is  calculated  from 
the  deaths  occurring  in  any  particular  occupation.  For 
purposes  of  comparison  the  death  rates  among  those 
employed  at  corresponding  age  periods  must  be  taken, 
allowance  being  thus  made  for  the  varying  age  constitu- 
tion of  those  engaged  in  the  different  occupations.  A 
comparative  mortality  figure  for  different  occupations  may 
be  obtained  by  taking  the  deaths  occurring  in  a  standard 
popitlaiion,  such  standard  population  to  consist  of  the 
exact  number  of  males  in  the  whole  population  between 
twenty-five  and  sixty-five  years  of  age  who  would  supply 
1,000  deaths  annually. 

Dealing  with  the  deaths  of  1890-2  and  the  population 
of  1891,  Dr.  Tatham  shows  that  1,000  deaths  occurred 
among  62,215  males  between  twenty-five  and  sixty-five 
years  of  age ;   whereas  the  number  of  deaths  among  a 
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similar  number  of  medical  practitioners  only  amounted 
to  966 ;  or,  in  other  words,  the  same  number  of  men 
aged  twenty-five  to  sixty-five  (having  equal  numbers  at 
the  various. inclusive  ages),  that  would  furnish  1,000 
deaths  among  all  males,  would  only  give  966  amonj 
medical  practitioners. 

An  obvious  fallacy  in  any  attempt  to  gauge  the  rela-J 
tive  healthiness  of  different  occupations  results  from  the 
fact  that  certain  trades  attract  the  more  robust  and 
muscular,  whilst  others  demanding  less  strength  attract 
the  weaklings. 

The  mean  age  at  death  cannot  be  taken  as  an  index 
of  the  healthiness  of  an  occupation,  because  some  em- 
ployments are  filled  by  older  men,  who  have  proved 
their  worth  or  have  filled  minor  posts  during  many 
years,  while  other  classes  of  labour,  requiring  less  skil^f 
and  experience,  are  much  more  largely  filled  by  those 
younger  in  life. 

Instances  of  the  more  usually  employed  graphi^| 
methods  of  representing  statistical  results  can  be  seen 
in  the  annual  reports  of  medical  officers  of  health. 
Erroneous  conclusions  are  apt  to  be  formed  by  com- 
paring the  mortality  curves  on  scales  which  are  not 
identical.  "Spot  maps" — maps  of  the  district,  on 
which  the  deaths  or  cases  of  various  infectious  diseases 
are  spotted  out — furnish  valuable  graphic  expressions 
of  any  grouping  of  such  deaths  or  sickness,  and  are 
much  employed  by  medical  officers  of  health.  They 
should,  however,  usually  be  employed  to  express  the 
occurrences  of  short  periods  only.  Spot  maps,  covering 
a  period  of  several  months  or  a  year,  are  not  often  of 
much  value  for  the  purpose  which  they  are  designed  to, 
subserve. 
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^^^^                       CHAPTER    XII. 

^^^H             SANITARY   LAW  AND  ADMINISTRATION. 

^^^^^1                       Sanitary  Areas  and  Authorities. 

By  the   Local   Government    Act,   1894,   England    and  Wales  are 
divided  inlo — (i)  administrative  counties,  (2)  county  boroughs.     The 
administrative  counties  (ouCside  London)  are  divided  into  urban  and 
rural  districts. 

The  following  table  shows  the  areas,  the  authorities,  and  the  chief 
Acis  having  relation  to  public   health  which  the  sanitary  authorities 

minister: 

AUEA. 

AtTitoniTV. 

SAMTARV  ACTS  AL)llI.<<l8TEnKI>. 

Administrative 
^^.             County 

County  Borough 
Municipal 

Borough 
Urban  Dislr  ct 
(of  County) 

« 

County  Council 

Town  Council 
Municipal  Council 

Urban     District 
Council 

Appeal  Authority  under  Local 
Government  Act,  1894,  and 
under    section    299,    Public 
Health    Act,    1875.      Rivers 
Pollution     Prevention     Act, 
1876.  Isolation  Hospitals  Act, 
1893. 

Local   Sanitary  Acts.      Public 
Health    Act,    1875.      Public 
Health  Acts  Amendment  Act, 
1890 (adoptive).  SaleofFood 
and  Drugs  Acts,  1875,  1879, 
and    1899.     Margarine   Act, 
1887.     The    Sale  of   Horee- 
flesh  Act,  1889.   Canal  Boats 
Acts,    1877,    1884.       Public 
He.illh  Interments  Act.  1879. 
Pactories    and     Workshops 
Act,  1901,  so  far  as  relates 
to   sanitation.      Housing   of 
the    Working    Classes   Act, 
1890,  1899.     Infectious  Dis- 
eases Notification  Act,  1889. 
Infectious  Diseases   Preven 
tion    Act.    1890    (adoptive). 
Dairies,  Cowsheds,  and  Milk- 

^^^           ^^^^^^^H 

Parish,  forming 
part  of  a  Rural 
District 


1       Port 

f     County  of  London 
Metropolitan 
Boroughs 


Palish    Council 


Port  Sanitary 
Authority 


London  County 

Council 
Borough  Council 


shops    Orders,    1885,    1886. 
1899.     Rivers  Pollution  Pre- 
vention    Act,     1876.       Thc_ 
Cleansing   of    Persons   Act 
1897. 

All  the  Acts  above  cited  as  ad'^ 
ministered  by  Urban  Sani^ 
lary  Authorities,  with  the ' 
exception  of  certain  sections 
of  the  Public  Health  Act, 
1875,  and  of  Part  I.  of  the 
Housing  of  the  Workini; 
Classes  Act.  Public  Health 
(Water)  Act,  1S78. 

Certain  sanitary  powers  under 
the  Local  Government  Act, 
1894,  section  8,  but  not  in 
substitution  of  those  exer- 
cised  by  the  Rural  District 
Council. 

Assigned  by  the  Local  Govern- 
ment Board,  and  practically 
those  of  an  Urban  Sanitary 
Authority.  Regulations  of 
the  Local  Government  Uoardvl 
The  Public  Health  (Ships)" 
Act.  1885. 

The  Metropolis  Local  Manage- 
ment Acts,  Public  Health 
(London)  Act,  1891,  &c. 


Port  Samtarv  Authorities. 


Under  the  Public  Health  Act,  1875,  section  2H7.  the  Local 
Government  Board  may  by  order  constitute  any  sanitary  authority, 
or  a  combination  of  sanitar)-  authorities,  whose  district  or  districts 
abut  upon  any  port  in  England  or  Wales,  the  port  sanitary  authority, 
either  temporarily  or  permanently.  The  order  may  assign  to  the  port 
sanitary  authority  any  of  the  powers,  duties,  &c.,  of  an  urban  sanitary 
authority,  so  far  as  applicable  to  a  port,  and  to  vessels,  waters,  or 
persons  within  its  jurisdiction.  These  duties  include  the  appointment 
of  a  medical  officer  of  health  and  of  an  inspector  of  nuisances,  the 
duties  of  the  lormer  being  prescribed  by  a  special  Order  of  the  Local 
Govcromcnx  Board.     In  addition,  this  officer  has  to  carry  out  the 


Board's  cholera  regulations  of  iSgo  and  1893,  and  any  regulations 
made  by  the  Board  prohibiting  the  importation  of  rags  from  infected 
foreign  ports,  or  requiring  that  they  shall  be  disinfected  or  destroyed 
to  the  port  medical  officer's  salisfaclion  (1893  Order).  The  disinfec- 
tion must  be  by  steam.  Dirty  and  disused  bedding  or  clothing 
arriving  from  certain  ports,  whether  belonging  to  emigrants  or  other- 
wise, can  only  be  landed  for  destruction  or  disinfection. 


Medical  Officbrs  op  Health  and  Sanitary  Inspectors. 

By  the  Public  Health  Act,  1875,  section  i8g,  every  urban  and  rural 
sanitary  authority  is  required  to  appoint  a  medical  ofHcer  of  health 
and  an  inspector  of  nuisances;  but  two  or  more  districts  may  be 
combined  by  the  Local  Government  Board  to  form  a  combined 
sanitary  district,  with  one  set  of  officers  for  the  whole  combination. 
County  Councils  under  the  Local  Government  Act,  i888,  section  17, 
may  appoint  a  county  medical  officer  of  health. 

If  any  part  of  the  salary  of  a  medical  oflicer  of  health  is  repaid  to  a 
local  authority  out  of  Imperial  funds,  the  Local  Government  Board 
has  the  same  power  of  approval  of  his  qualifications,  appointment, 
duties,  salary,  and  tenure  of  office,  as  it  has  in  the  case  of  a  poor  law 
medical  officer  (Public  Health  Act,  1875,  section  igij. 

By  section  18  of  the  Local  Government  Act,  1888,  every  medical 
officer  of  health  appointed  after  the  passing  of  the  Act  must  be 
legally  qualified  in  medicine,  surgery,  and  midwifery;  if  appointed 
alter  January  I,  1892,  to  a  district  having  at  the  last  census  50,000 
inhabitants  or  more,  he  must  be  the  registered  holder  of  a  diploma  in 
public  health  under  section  21  of  the  Medical  Act,  1886,  or  have  been 
during  some  three  consecutive  years  prior  to  1892  a  medical  officer  of 
health  of  a  district  with  a  population  at  the  last  census  of  not  less  than 
20,000,  or  have  been  for  not  less  than  three  years  a  medical  officer  or 
inspector  of  the  Local  Government  Board. 

If  no  part  of  the  salary  of  the  medical  officer  of  health  is  repaid, 
the  Local  Government  Board  need  not  be  consulted,  nor  is  their 
approval  necessary  as  regards  qualifications,  appointment,  salary,  or 
tenure  of  office.  If  a  portion  of  the  salary  is  repaid,  the  medical 
officer  cannot  be  removed  except  with  the  sanction  of  the  Board,  and 
if  suspended  the  Board  may  remove  the  suspension.  The  duties  of 
both  classes  of  officers  arc  the  same  under  the  Local  Government 
Board's  regulations  of  March  23,  1891. 

In  London  every  medical  officer  of  health  must  reside  within  his 
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district,  or  within  one  mile  of  its  boundary.  He  must  not  be 
appointed  for  a  limited  period  only,  as  may  be  done  outside  London, 
He  is  removable  by  the  Local  Government  Board,  as  well  as  by  his 
sanitary  authoiity,  with  ihe  consent  of  the  Local  Government  Hoard. 
In  other  respects  the  post  is  similar  to  that  of  an  extra  Metropolitan 
officer  as  regards  appointment,  qualifications,  tenure  of  office,  and 
duties. 

In  London  every  sanitary  inspector  appointed  after  January  i,  1895, 
must  be  a  holder  of  a  certificate  of  an  examining  board  approved  by 
the  Local  Government  Board,  or  must  have  been  during  three  con- 
secutive years  preceding  1895  an  inspector  of  a  district  containing 
a  population  of  not  less  than  ao.oco.  Outside  London  there  is  no 
qualification  required  by  statute  for  inspectors  of  nuisances. 

In  London  every  sanitary  authority  is  required  to  appoint  an 
adequate  number  of  fit  and  proper  persons  as  sanitary  inspectors;  and 
the  London  County  Council  has  power  to  insist  upon  a  sufficiency  o 
inspectors  for  each  district  in  the  county.  . 

^^B  By-Laws  and  Rboulations.  ■^^H 

Under  the  V.irious  statutes  relating  to  public  health,  sanitary 
authorities  have  power  to  make  by-laws.  These  by-laws  should 
supplement,  not  vary  or  supersede,  the  express  provisions  of  the 
statutes.  If  repugnant  to  the  laws  of  England  or  to  the  provisions  of 
the  Acts,  they  are  ut(ra  virts  and  of  no  effect.  Reafonable  penalties 
may  be  provided  for  in  the  by-lavss  for  neglect  or  infringement  of 
their  requirements.  All  bylaws  must  be  confirmed  by  the  Local 
Government  Board,  and  when  so  confirmed  have  the  force  of  law. 
Kfj-iitntions  do  not,  as  a  rule,  provide  for  the  infl  ction  of  penalties, 
anJ  they  do  not  require  confirmation  by  the  Local  Government 
Board.  Both  bylaws  and  regulations  are  usually  drafted  upon 
models  issued  by  the  Local  Government  Board. 

Every  urban  sanitary  authority  must  make  by-laws  in  respect  of 
common  lodging  houses  and  slaughter  houses,  and  every  rural  sani- 
tary authority  must  make  by-laws  in  respect  of  the  former.  With 
respect  to  all  other  matters  on  which  by-laws  may  be  made,  it  is 
optional  to  do  so,  unless  required  by  the  Local  Government  Board. 
Both  uiban  and  rural  authorities  may  make  by  laws  in  respect  of 
cleansing  and  scavenging ;  tenement  houses  occupied  by  members  of 
more  than  one  family :  hop  and  fruit  pickers;  tents  and  vans;  and 
mortuaiies.    t'iban  authorities  may  in  addition  make  by  laws  for  new 
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streets  and  buildings,  maikets  and  fairs,  offensive  trades,  open  spaces, 
and  cemeteries.  Urban  powers  may  be  granted  by  the  Local  Govern- 
ment Board  to  rural  authorides,  iricluding  the  making  of  by-laws; 
and  the  adoption  of  the  Public  Health  Acts  Amendment  Act,  1890, 
enables  a  rural  authority  to  make  certain  by-laws  in  respect  of  new 
and  old  buildings. 

Regulations  may  be  made  by  any  sanitary  authority  under  the 
Dairies,  Cowsheds,  and  Milkshops  Order  with  respect  to  dairies  and 
cowsheds;  also  under  the  Public  Health  Act,  1875,  for  the  manage- 
ment of  post-mortem  places  provided  by  the  authority;  and  under 
the  same  Act  for  the  removal  to,  and  detention  in,  hospital  of  infectious 
patients  taken  off  ships  and  vessels. 

In  London  the  County  Council  has  power  to  make  by-lawi  for  a 
great  variety  of  purposes  relating  to  new  streets  and  roads,  plans  and 
sites  of  buildings,  dr.'iins  and  sewers,  &c.,  under  the  Metropolis  Local 
Management  Acts  and  London  Building  Act,  1S94.  Under  the  Public 
Health  (London)  Act  both  the  County  Council  and  the  local  sanitary 
authorities  are  required  to  make  by-laws  on  a  variety  of  subjects 
which  will  be  alluded  to  in  their  proper  place. 


* 


Sewers. 
Public  Htallh  Act,  1875. 

Definhion. — Sewer  includes  sewers  and  drains  of  every  description, 
except  drains  of,  and  used  for  the  drainage  of,  one  building  only,  or 
premises  within  the  same  curtilage.  It  follows  from  this  definition 
that  sewers  may  be  on  private  land,  as  well  as  in  or  beneath  streets 
or  hi^'hways  which  are  dedicated  to  the  public.  A  pipe,  conduit,  or 
channel  receiving'  the  drainage  of  more  than  one  building,  situated  on 
or  beneath  land  to  which  the  public  have  no  rights  of  access,  and  with 
which  no  drain  connections  can  be  made  by  owners  of  adjacent  houses, 
is  a  sewer  (Travis  v.  Uttley).  The  meaning  of  the  word  "  curtilage" 
is  obscure,  although  it  is  generally  held  to  signify  the  boundary  wall 
of  the  premises.  The  shops  in  the  Lowther  Arcade,  London,  were 
held  not  to  be  within  the  same  curtilage  (Vestry  of  St.  Martin  v.  Bird), 
but  blocks  of  artisan  dwellings,  separated  from  each  other  by  an  open 
causeway,  were  held  to  be  within  the  same  curtilage  {Pilbrow  p.  Vestry 
of  Shoreditch). 

All  sewers,  with  the  exception  of  certain  private  sewers,  arc  vested 
in  the  local  authority.  The  local  authority  must  keep  all  sewers 
under  their  control  in  repair,  and  must  make  luch  sswers  as  may  be 
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necessary  for  effectually  draining  their  district.  They  must  cause  the 
sewers  under  their  control  to  be  so  constructed,  ventilated,  and 
cleansed  as  not  to  be  a  nuisance  or  injurious  to  health  (sections  13, 
«5.  «9)- 

Where  complaint  is  made  to  the  Local  Government  Board  that  a 
local  authoiity  has  made  default  in  providing  their  district  with 
sufficient  sewers,  or  in  the  maintenance  of  existing  sewers,  that 
Board  can  compel  the  local  authority  to  perform  its  duty  in  the 
matter  of  such  complaint  (section  299). 

The  owner  or  occupier  of  any  premises  within  the  district  of  a  local 
authority  is  entitled  to  drain  his  house  into  a  sewer  after  due  notice, 
and  00  condition  of  complying  with  the  local  authority's  regula- 
tions for  the  making  of  communication  between  sewers  and  drains 
(section  31). 

Section  26  prohibits  the  erection  of  any  building  over  a  sewer 
an  urban  authority  without  the   written  consent  of  such  authority. 
This  section  applies  to  combined  drains  which  are  sewers  on  private 
land,  as  well  as  to  sewers  in  public  roads  and  highways. 


PHbtie  Htaltk  Acts  AmtHdmtnl  Act,  1890  {adopiivt). 

In  places  where  this  Act  has  been  adopted,  where  two  or  more 
houses  belonging  to  different  owners  are  connected  with  a  public 
sewer  by  a  single  private  drain  (that  is  to  say,  a  drain  on  private  land 
with  which  adjacent  house  owners  are  not  at  liberty  to  make  drain 
connections),  and  the  local  authoiity  has  reason  to  believe  that  such 
drain  is  defective  or  a  nuisance,  the  local  authority  can,  under  the 
powers  conferred  by  section  41  of  the  Public  Health  Act,  1875,  after 
twenty-four  hours'  notice  to  the  occupiers,  proceed  to  open  the  ground 
and  expose  the  drain,  and,  if  found  defective,  execute  such  works  as 
may  be  necessary  to  make  the  drain  secure  and  sound,  and  recover 
the  expenses  so  incurred  from  the  owners  of  the  houses.  For  the 
purposes  of  this  section,  therefore,  under  the  Amendment  Act  of  1890, 
the  drain  of  more  than  one  building,  where  the  buildings  belong  to 
different  owners,  is  a  drain  for  which  such  owners  are  responsible  ; 
but  if  the  different  buildings  belong  to  one  owner,  such  dram  is  a 
sewer,  for  which  the  local  authority  is  responsible. 

Sections  16  and  17  of  the  .^ame  Act  prohibit  the  introduction  into 
any  sewer  of  any  matter  which  would  interfere  with  the  flow  of  the 
sewage,  or  by  which  the  sewer  may  be  injured,  and  prohibits  the 
introduction  of  any  chemical  refuse  or  liquids  of  any  kind  having  a 
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temperature  exceeding  110°  F.,  which  either  alone  or  in  combination 
with  the  sewage  cause  a  nuisance,  or  are  dangerous  or  injurious  to 
health. 


Metropolis  Local  Management  Acts,  1855  and  1862. 


In  London  the  definition  of  sewer  is  the  same  as  in  the  provinces 
under  the  Public  Health  Act,  1875,  with  the  exception  that  the  com- 
bined drain  of  a  group  or  block  of  houses,  drained  by  a  combined 
operation  under  the  order  or  with  the  sanction  or  authorization  of  a 
vestry  or  district  board  of  worlcs  (or,  prior  to  1855,  of  the  Metropolitan 
Commissioners  of  Sewers),  is  a  drain  for  which  the  owner  or  owners 
of  the  houses  arc  responsible,  and  not  a  sewer  (1855  Act,  section  250; 
1S62  Act,  section  112).  Recent  decisions  of  the  High  Court  of  Justice 
and  of  the  Appeal  Courts  have  shown  that  if  the  scheme  of  drainage 
sanctioned  by  the  authority  has  been  departed  from  in  material 
particulars,  or  if  the  drains  of  other  houses  have  been  connected 
surreptitiously,  or  without  authorization,  subsequent  to  the  passing  of 
Uhe  plans,  the  combined  drain  is  a  sewer,  and  repairable  by  the  local 
authority.  In  fact,  no  combined  drains,  except  those  which  have 
been  sanctioned  by  authority,  and  which  at  date  practically  conform 
with  the  plans  passed  by  the  authority,  are  drains  ;  they  are  sewers, 
repairable  by  the  ratepayers  at  large. 

The  control  of  the  main  sewers  in  London  and  of  the  disposal  of 
the  Metropolitan  sewage  is  vested  in  the  London  County  Council, 
whilst  the  street  and  other  branch  sewers  are  vested  in  the  vestries 
and  district  boards  (now  the  municipal  councils),  with  whom  lies  the 
regulation  of  the  method  of  making  communications  between  all  house 
drains  and  sewers.  As  in  the  provinces,  there  is  a  penalty  imposed 
for  building  over  any  sewer  or  interfering  with  any  sewer  without  the 
consent  of  the  local  authority ;  and  there  is  a  prohibition  from  dis- 
charging into  any  sewer  any  matters  which  would  interfere  with  the 
flow  of  the  sewage,  or  any  liquids  which  would  damage  the  sewer  or 
create  a  nuisance. 


Disposal  of  Sbwaoe. 

Section  17  of  the  Public  Health  Act,  1875,  expressly  slates  that 
nothing  in  the  Act  shall  authorize  the  discharge  of  sewage  into  any 
natural  stream  or  water  course  until  the  sewage  has  been  freed  from 
all  excrementilious  or  other  foul  or  noxious  matter.    Sections  27  to  34 
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of  the  same  Act  give  powers  to  local  authorities  to  construct  works 
for  the  disposal  of  sewage,  either  within  or  without  their  districts. 
For  this  and  other  purposes  local  authorities  can  borrow  money  on 
the  credit  of  the  rates,  subject  to  the  sanction  of  the  Local  Govern- 
ment Board  (section  233).  The  regulations  applicable  to  the  exerc'se 
of  borrowing  powers,  which  must  be  complied  with,  arc  set  out  in 
section  234  of  the  Act. 


Rivers  Pollution  Prevention  Act,  1876. 

By  section  7  of  this  Act  sanitary  authorities  must  give  facilities  to 
manufacturers  to  carry  their  waste  waters  into  the  district  sewers, 
provided  such  waste  waters  do  not  affect  prejudicially  the  sewers,  or 
the  disposal  of  the  sewage  on  land  or  otherwise  at  the  outfall,  or  are 
not  themselves  injurious  from  a  sanitary  point  of  view  or  by  reason 
of  high  temperature.  There  is  no  obligation  on  sanitary  authorities 
to  construct  new  sewers  to  receive  manufacturing  waste,  if  their 
existing  sewers  are  only  just  sufficient  for  the  ordinary  requirements 
of  the  district,  and  are  unable  to  receive  larger  volumes  of  manufactory 
refuse. 


P 


Hoi;sE  Drains. 

Public  Htallh  Act,  1875. 

Dy  section  23,  a  local  authority  can  require  th;  owner  or  occupier 
of  any  house  which  is  within  their  district,  and  which  is  "without 
a  drain  sufficient  for  effectual  drainage,"  to  make  a  drain  to  empty 
into  any  sewer  which  the  local  authority  is  entitled  to  use  (for  this 
purpose),  which  is  not  more  than  too  feet  from  the  site  of  such  house 
— i.t.,  from  the  boundary  of  the  land  on  which  such  house  is  situate. 
If  no  such  sewer  is  situate  within  too  feet  of  the  boundary,  then  the 
drain  may  be  made  to  empty  into  a  covered  cesspool  or  other  recep- 
tacle, not  being  under  any  house,  as  the  local  authority  may  direct. 
Such  drain  or  drains  must  be  of  such  material  and  %\it,  and  laid  at 
such  levels  and  with  such  fall,  as  the  surveyor  to  the  local  aulhniiiy 
miy  direct. 

By  section  25,  urban  authorities  can  insist  on  newly  erected 
bouses,  or  houses  which  have  been  rebuilt  after  being  pulled  down 
to  the  ground  Hoar,  being  drained  in  a  similar  manner  to  the  above. 
No  newly  erected  or  rebuilt  house  may  be  occupied  until  a  proper 
drain  has  been  provided. 
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The  examination  or  testing  of  drains  (not  involving  the  opening 
of  the  ground)  is  provided  for  by  section  102  of  the  Act,  which 
directs  that  any  officer  of  a  local  authority  shall  be  admitted  into 
any  premises  between  the  hours  of  9  a.m.  and  6  p.m.  for  the  purpose 
of  examining  as  to  the  rtxistence  of  any  nuisance  thereon.  If  it  is 
necessary  to  open  the  ground  to  examine  the  state  of  a  drain,  a 
written  application  must  be  made  by  some  person  to  the  local 
authority,  staling  that  the  drain  of  the  premises  in  rjueslion  is  a 
nuisance  or  injurious  to  health.  The  local  authority  mu.st  then  in 
writing  empower  their  officer,  after  twenty-four  hours'  written  notice 
to  the  occupier  of  the  premises,  or  in  case  of  emergency  without  notice, 
to  enter  such  premises  and  open  the  ground.  In  the  event  of  the 
drain  being  defective,  notice  is  to  be  served  upon  the  owner  or  occu- 
pier to  carry  out  the  necessary  works ;  or  the  local  authority  may  itself 
execute  the  works,  and  recover  the  costs  bo  incurred  from  the  patty 
or  parties  who  are  liable  (section  41). 

Section  40  of  the  same  Act  requires  every  local  aulhoiiiy  to  provide 
that  all  drains  within  their  district  are  constructed  and  kept  so  as  not 
to  be  a  nuisance  or  injurious  to  health. 

By  section  157  of  the  Act,  urban  authorities  may  make  by-laws 
with  respect  to  the  drainage  of  build  ingE,  but  such  by-laws  cannot  be 
made  to  apply  to  any  building  erected  in  any  place  which,  on  August 
II,  1875,  was  included  in  an  urban  sanitary  district  before  the  Local 
Government  Acts  came  into  furce  in  such  place,  or  any  building 
erected  in  any  place  which,  on  that  date,  was  not  included  in  any 
urban  district  before  such  place  became  included  in  an  urban  district, 
by  virtue  of  any  order  of  the  Local  Government  Doard.  In  places 
where  the  Public  Health  (Amendment)  Act,  1890,  Part  III.,  has  been 
adopted,  section  ij  extends  the  operation  of  drainage  by-laws  to 
buildings  erected  before  the  time  above  mentioned,  and  alto  enables 
rural  authorities  to  make  such  by-laws. 

It  mirsi  be  clearly  understood  that  drainage  by-laws— that  is  to  say, 
bylaws  specifying  the  m.ntcrials  from  which  drains  are  to  be  con- 
structed, their  jointing,  gradients,  ventilation,  disconnection,  methods 
of  connecting  branches,  &c. — cannot  be  made  to  apply  to  existing 
drains  or  to  drains  of  existing  buildings.  They  are  applicable  to 
drains  about  to  be  laid  for  new  or  oil  buildings— I'.r.,  to  new  drains 
of  new  buildings  or  to  new  diains  of  old  buildings,  which  for  one 
reason  or  another  are  about  to  be  redraincd.  Existing  drains  cannot 
be  condemned  and  new  drains  required  because  they— the  existing 
drains  do  not  comply  in  whole  or  in  part  with  the  regulations  con- 
tained in  drainage  by-laws.    Where  existing  drains  arc  found  to  be  so 
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defective  that  they  cannot  be  repaired  so  as  to  render  them  sound,  and 
obviate  present  and  future  nuisance,  notice  can  be  served  for  them  to 
be  rclaid.  In  such  a  case  it  is  probable  that  a  local  authority  can 
insist  on  the  new  drain  complying  with  their  drainage  by-laws 


4 


Melrofolii  Local  Management  Acts  and  Public  Health  (London)  Act, 

1891. 

Practically  the  same  provisions  exist  in  London  for  dealing  with 
house  drainage  as  in  the  provinces. 

The  Metropolis  Management  Act,  1855  (section  202),  gave  powers 
to  the  Metropolitan  Board  of  Works  to  make  drainage  by-laws,  which 
were  never  exercised.     The  successors  of  the  Board  of  Works — the 
London   County  Council — has  drafted  such  by-laws,  and  they  have 
now   been  officially  promulgated.     Ever^'  vestry  and  district  board 
(each  municipal  borough)  has  drainage  regulations  applicable  to  its 
particular  district,  prepared  under  powers  presumed  to  be  conveyed 
by  sections  73,  75,  and  76  of  the   Metropolis   Local   Management 
Act,  1855. 
,  Section    15  of  the   Public    Health   (London)   Act   imposes   a  £^ 
tialty  on   any  person   who  teil/iilly  destroys,  or  damages,  or  stops 
up,  or  interferes  with,  any  drain,  so  as  to  cause  it  to  be  a   nuisance 
or  injurious  or  dangerous  to  health— a  section  very  useful   in   re- 
1        straining  the  acts  of  mischievous  or  evil-disposed  persons. 
I  Section  42  of  the  same  Act  imposes    a   £10  penalty  on  any  person 

I  who  so  repairs  or  constructs  a  drain  as  to  cause  it  to  be  a  nuisance, 
I  or  injurious  or  dangerous  to  health — again  a  most  useful  section  in 
B      preventing  Kamped  or  defective  work. 


»        by  » 
I      Act, 


Water-closets,  Sanitary  Convenikncbs,  and  Sanitary 
Fittings. 

Pnblif  Health  Aft,  1875. 


Every  house  within  the  district  of  a  local  authority  must  have  a 
cufficicnt  water-closet,  earth-closet,  or  privy,  and  an  ashpit,  furnished 
with  proper  doors  and  coverings ;  and  no  house  may  be  erected 
or  rebuilt  without  similar  sanitary  accommodation  (sections  35 
and  36). 

It  is  for  the  local  authority,  acting  on  the  advice  of  its  oHicers,  to 
determioe  in  each   case  what  constitutes  the  sufficiency  of  a  water- 
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closet,  earth-closet,  or  privy.  Under  these  sections  a  proper  supply 
of  water  to  flush  a  water-closet  can  be  enforced.  As  regards  the  con- 
version of  privies  into  water-closets — a  policy  now  largely  taken  up 
in  the  "  privy  "  towns  of  the  Midland  and  Northern  counties — the 
local  authority  has  no  power  to  make  a  general  order  enforcing  the 
replacement  of  privies  by  water-closets,  but  has  power  in  any 
particular  case  to  require  the  conversion,  if  satisfied  that  the  privy 
is  not  sufficient  for  the  health  requirements  of  the  people  who  use  it 
(Tinkler  v.  Wandsworth  Board  of  Works). 

Under  section  137,  urban  authorities  are  empowered  to  make 
by-laws  as  to  water-closets,  earth-closets,  privies,  ashpits,  and  cess- 
pools, in  the  same  way  as  to  drains  (see  ante,  p.  701) ;  and  these 
by-laws  are  extended  in  the  same  way  by  the  Public  Health  Acts 
Amendment  Act,  i8go. 

Every  local  authority  must  provide  that  all  water-closets,  earth- 
closets,  privies,  ashpits,  and  cesspools  are  constructed  and  kept  so 
as  not  to  be  a  nuisance  or  injurious  to  health  ;  whilst  the  provisions 
of  section  41  apply  equally  as  for  drains  where  it  is  desirable  to 
open  the  ground — e.g.,  for  the  examination  of  a  privy  or  cesspoo 
(see  anle,  p.  701). 


Public  Health  Acts  Amendment  Act,  i8go. 

Section  2i  imposes  a  los.  penalty  on  any  person  who  injures  or 
improperly  fouls  a  sanitary  convenience  which  is  used  in  common 
by  the  occupiers  of  two  or  more  separate  dwelling  houses,  or  by 
other  persons;  and  a  similar  penalty,  with  a  daily  5>.  penalty,  is 
imposed  upon  all  persons  using  a  common  closet  which  is  in  such 
a  filthy  condition  as  to  be  a  nuisance  or  annoyance,  from  want  ot 
proper  cleansing,  in  the  absence  of  proof  as  to  who  is  the  person 
actually  in  default. 


Public  Health  {London)  Act,  1891. 

Very  much  the  same  provisions  apply  in  London  as  in  the 
provinces.  The  County  Council  has  made  by-laws  under  section  39 
of  the  Act  which  apply  to  all  new  fittings  in  new  or  in  existing 
buildings  (water-closets,  soil  pipes,  earth-ctosels,  ashpits,  cesspools, 
dung  receptacles,  and  their  accessories).  As  before  said  (see  p.  701), 
existing  sanitary  fittings  must  not  be  condemned  because  they  do  not 
conform  to  the  bylaws,  but  all  new  fittings  to  replace  existing  ones 
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must  comply  with  the  bylaws.  In  addition,  every  person  who  intends 
to  fix  a  new  water  closet,  earth-closet,  &c.,  is  required  to  give  notice 
of  such  intention  to  the  local  authority  (municipal  borough).  Every 
local  authority  (municipal  borough)  has  made  by-laws  under  the  tame 
section  (39,  2)  with  respect  to  the  keeping  of  water-closets  supplied 
with  sufficient  water  for  their  effective  action.  Sections  15  and  42  of 
the  Act  (fee  p.  702)  apply  equally  as  in  the  case  of  drains,  whilst 
section  46  incorporates  section  31  of  the  Public  Health  Acts  Amend- 
ment Act,  i8go,  above  mentioned.  Any  person  who  thinks  himself 
aggrieved  by  any  notice  or  act  of  a  sanitary  authority  under  these 
sections  may  appeal  to  the  London  County  Council,  whose  decision 
thall  be  final. 


■     con 
W      tot 


Nuisances, 
Public  Health  Act,  1875. 


I 


I 


The  nuisances  with  which  public  health  Aots  are  concerned  are 
conditions  which  are  either  actually  injurious  to  health  or  arc  liable 
to  be  injurious  (i.e.,  dangerous)  to  health.  These  conditions  are  more 
or  less  defined  in  the  Acts  relating  to  public  health;  hence  these 
nuisances  are  also  called  "  statutory  nuisances."  These  Acts  provide 
the  methods  and  machinery  for  summarily  (i.e.,  expeditiously)  dealing 
with  this  class  of  nuisances,  but  this  does  not  exclude  the  invoking  by 
any  person  aggrieved  of  the  Common  Law  statutes  should  he  not  be 
satisfied  with  the  remedies  provided  by  the  special  Acts.  Nuisances 
which  interfere  with  comfort  or  with  the  enjoyment  of  life,  and  are 
not  rjiisdtm  generis  with  those  specifically  mentioned  in  the  Public 
Health  Acts,  having  no  obvious  relation  with  dangers  to  health,  are 
only  remediable  by  the  ordinary  operations  of  the  Common  Law,  and 
not  by  the  public  health  statutes. 

Nuisances  arc  defined  in  section  91  of  the  Public  Health  Act, 
1875: 

I.  "  Any  premises  in  such  a  state  as  to  be  a  nuisance  or  injurious 
to  health."  The  word  "premises"  includes  "  messuages,  building', 
ands,  easements,  and  heriditamcnts  of  any  tenure."  It  has  been 
very  generally  held  that  it  is  not  necessary  10  prove  actual  injury  to 
health,  but  simply  to  prove  that  the  nuisance  is  of  such  a  nature  as 
to  be  capable  of  acting  prejudicially  upon  health.  For  instanie, 
damp,  dirty,  and  dilapidated  premises,  or  houses  invaded  by  bugs 
or  other  vermin,  are  nuisances  under  this  subsection,  because  they 
j^re  a//  capable  of  affecting  injuriously  the  health  of  the  occupants. 
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2.  "  Any  pool,  ditch,  gutter,  water  course,  privy,  urinal,  cesspool, 
drain,  or  ashpit  so  foul  or  in  such  a  state  as  to  be  a  nuisance  or 
injurious  to  health."  Under  this  subsection,  a  very  great  deal  of  the 
sanitary  work  of  local  authorities  is  carried  on.  The  enforcement  of 
the  paving  of  yards  and  areas  about  houses  is  usually  required  under 
this  subsection,  to  obviate  nuisance  from  standing  pools  of  dirty 
water. 

3.  "Any  animal  so  kept  as  to  be  a  nuisance  or  injurious  to 
health." 

4.  "  Any  accumulation  or  deposit  which  is  a  nuisance  or  injurious 
to  health."  Trade  or  manufactory  deposits  are  exempt,  if  not  kept 
longer  than  necessary  for  the  purposes  of  the  business,  and  if  the  best 
available  means  have  been  taken  to  obviate  injury  to  health. 

5.  "  Any  house  or  part  of  a  house  so  overcrowded  as  to  be  dan- 
gerous or  injurious  to  the  health  of  the  inmates,  whether  or  not 
members  of  the  same  family."  From  300  to  400  cubic  feet  per 
head  is  usually  taken  as  the  minimum  permissible,  with  half  these 
amounts  for  children  under  ten  or  twelve  years;  but  in  every  case 
attention  should  be  paid  to  special  circumstances — e.g.,  the  amount  of 
ventilation  obtainable,  the  condition  of  the  room,  the  class  of  people, 
the  relationship  of  the  persons  overcrowded,  &c. 

There  are  other  nuisances  relating  to  the  cleanliness,  ventilation, 
and  overcrowding  of  factories  and  workshops,  and  to  smoke,  which 
will  be  dealt  with  later  on. 

Section  92  requires  the  local  authority  to  cause  an  inspection  of 
its  district  10  be  made  from  time  to  tinne,  to  ascertain  what  nuisances 
exist  calling  for  abatement,  and  to  enforce  the  provisions  of  the  Act, 
in  order  to  abate  the  same  \  and  section  to2  (see  ante,  p.  701)  gives 
powers  of  entry  to  the  otficers  of  the  local  authority  to  carry  out  the 
provisions  of  the  Act. 


Public  Health  (Lomi/or)  AcI,  1891. 

The  provisions  relating  to  nuisances  in  London  are  the  same  as  in 
the  provinces.  In  order  to  prevent  the  possibility  of  nuisances  being 
held  to  be  only  conditions  which  have  actually  caused  injury  to  health, 
the  words  "or  dangerous"  have  been  introduced  into  this  Act,  mi 
that  the  various  sections  read,  "  a  nuisance,  or  injurious  or  dangerous 
to  health."  In  London  also  (inhabited)  premises  without  water  fittings 
are  a  nuisance,  and  an  occupied  house  without  a  proper  and  sufficient 
supply  of  water  is  a  nuisance,  which  in  the  case  of  a  dwelling  house 
renders  it  unfit  for  human  habitation  (%cclion  48}. 
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ny  section  loo  it  is  provided  that  the  Ccunly  Council,  when 
;atisricd  that  a  local  sanitary  authority  has  made  default  in  doing  its 
duty  under  the  Act,  with  respect  lo  the  removal  of  any  nuisance,  the 
institution  of  any  proceedings,  or  the  enforcement  of  any  by-law,  may 
themselves  do  what  ii  necessary  to  carry  out  the  provisionsof  the  Act, 
and  recover  the  costs  from  the  defaulting  authority.  On  complaint 
by  the  County  Council  to  the  Local  Government  Board  that  a  sanitary 
authority  is  in  default  in  executing  or  enforcing  the  provisions  of  the 
Act,  the  Board  may,  after  inquiry,  make  an  order  limiting  a  time  for 
the  performance  of  the  duty  by  the  sanitary  authority,  enforceable  by 
mandamus ;  or  the  Hoard  may  appoint  the  County  Council  to  perform 
the  duty,  ami  in  that  event  the  Council  is  invested  with  all  the  powers 
of  the  sanitary  authority,  and  can  recover  from  the  latter  all  expenses 
incurred,  or  can  recoup  themcelves  by  levying  the  amount  by  a  rate. 


Public  Htallh  Act,  1875. 

ry  leciion  zgg  of  the  Public  Health  Act,  1875.  the  Local  Govern- 
ment Board  has  similar  powers  in  respect  of  urban  or  rural  authorities 
who  have  made  default  in  enforcing  any  of  the  provisions  of  the  Act 
which  it  ii  their  duty  to  enforce.  The  County  Council  may  make 
the  complaint  to  the  Board,  and  may  be  appointed  by  the  Board  to 
execute  the  provisions  of  the  Act  neglected  by  the  local  sanitary 
authority  (Local  Government  Act,  1S94). 


proce0t;ltb  to  abatb  nuisances,  and  to  carry  out  ths 
Provisions  op  the  Acts, 


^^^V  Public  Health  Act,  1875 

^B  Sections  94  to  too  deal  with  the  procedure  nece««ary.    Information 

^V       of  a  nuisance  may  be  given  by  any  aggrieved  person,  any  two  inhabi- 

^M       tv<t  houichuldcrs,  any  oOicer  of  the   local  authority,  the  relieving 

^H        ollicer,  or  police  officer.     A  complaint  having  been  m.ide  to  a  local 

^1        authority  of  the  existence  of  a  nuisance,  it  is  the  duly  of  the  sanitary 

^1        inspector  (inspector  of  nuisances)  to  visit  the  premises  or  place,  and 

^K       to  report  to  the  next  meeting  of  his  board  (local  authority).     The 

^H      latter,  if  satisfied  of  the  existence  of  a  nuisance,  directs  that  a  notice 

^^        shall  be  served  (Form  A,  Schedule  IV.)  on  the  person  by  whose  act, 

default,  or  sufferance  the  nuisance  arises  or  continues — or,  if  such 

person  cannot  be  found,  on  the  owner  or  occupier  of  the  premises  on 

which  the  nuisance  attses— requiring  him  to  abate  the  (.ime  within  a 
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Specified  time,  and  to  execute  the  works  necessary  for  that  purpose. 
Where  the  nuisance  arises  from  the  want  or  defective  construction 
of  any  structural  convenience,  or  where  there  is  no  occupier  of  the 
premises,  the  notice  must  be  served  on  the  owner,  but  where  the 
nuisanre  arises  from  the  neglect  or  default  of  the  occupier,  the  notice 
must  be  served  on  the  occupier.  W'heie  the  person  causing  the 
nuisance  cannot  be  found,  and  it  is  clear  (hat  the  nuisance  does  not 
arise  or  continue  by  the  act,  default,  or  sufferance  of  the  owner  or 
occupier  of  the  premises,  the  local  authority  may  themselves  abate 
the  same. 

"  Owner "  under  this  Act  means  the  person  for  the  lime  being 
receiving  the  rack  rent  of  the  lands  or  premises  in  question,  whether 
on  his  own  account  or  as  agent  or  trustee  for  any  other  person,  or 
who  would  so  receive  the  same  if  such  lands  or  premises  were  let  at 
a  rack  rent,  the  latter  term  meaning  rent  which  is  not  less  than  two- 
thirds  of  the  full  net  annual  value  of  the  property  out  of  which  the 
rent  arises. 

Notices  may  be  in  print  or  writing,  or  partly  in  either,  and  are 
authenticated  by  the  signature  of  the  clerk,  surveyor,  or  inspector 
of  nuisances  of  the  local  aulhoiity.  The  notice  may  be  served  by 
delivering  it  or  posting  it  to  the  residence  of  the  person  to  whom  it 
is  addressed.  The  notice  need  not  be  addressed  to  any  particular 
individual,  but  can  be  addressed  to  the  owner  or  occupier  of  the 
premises,  as  the  case  may  be,  and  cither  left  upon  the  premises  or, 
in  the  case  of  the  premises  being  empty  or  there  being  ns  person  on 
the  premises  to  receive  the  notice,  it  may  be  fixed  to  some  conspicu- 
ous part  of  the  premises  (sections  266,  267). 

Should  the  notice  or  any  of  its  requisitions  not  be  complied  with 
within  the  time  specified,  it  is  the  duty  of  the  inspector  to  report 
the  matter  to  his  board  at  its  next  meeting,  who  should  instruct  him 
to  make  a  complaint  before  a  justice  (sworn  information  of  the  facts), 
who  thereupon  is  to  issue  a  summons  (Form  B,  Schedule  IV.)  re- 
quiring the  person  on  whom  the  notice  was  served  to  appear  before 
a  court  of  summary  jurisdiction.  The  summons  must  be  applied  for 
within  six  months  of  the  date  of  the  original  offence  ;  otherwise  all 
further  proceedings  are  invalidated. 

On  the  hearing  of  the  summons,  it  will  be  necessary  for  the  in- 
spector to  give  evidence  as  to  the  existence  of  the  nuisance,  the 
dates  of  his  visits  to  the  premises,  and  the  service  of  the  notices  in 
proper  form.  He  must  also  be  prepared  to  prove  the  ownership  in 
case  a  particular  person  is  summoned  as  owner,  which  is  usually 
done  by  the  production  of  the  rent  book  or  the  evidence  of  a  tenant 

ZZ  3 


I 


I 

I 
I 
I 


of  the  house.  If  the  court  is  satislied  as  to  the  existence  of  a 
nuisance,  it  may  make  (r)  an  abntemenl  order  (Form  C) — an  order  to 
abate  the  nuisance  within  a  specified  time,  and  to  do  any  works 
necessary  for  that  purpose — or  (2)  a  prohibition  order  (Form  C),  pro- 
hibiting the  recurrence  of  the  nuisance,  with  necessary  works.  The 
court  may  at  the  same  time  inflict  a  penalty  not  exceeding  £i. 
Where  the  nuisance  proved  to  exist  is  such  as  to  render  a  house 
unlit  for  human  habitation,  the  court  may  make  (3)  a  closing  order, 
prohibiting  the  use  of  the  house  fur  human  habitation  until  rendered 
fit  lor  that  purpose. 

If  the  person  on  whom  the  magistrates'  order  is  made  fails  to 
comply  with  its  requirements  within  the  time  specified  in  the  order, 
be  can  be  again  summoned  ;  and  if  he  fails  to  satisfy  the  court  that 
he  has  used  all  due  diligence  to  cany  out  such  order,  he  may  be 
fined  los.  per  day  during  his  default  (abatement  order),  or  20s.  per 
day  (prohibition  order).  If  the  local  authority  prefers,  it  may  direct 
its  olTicers  to  enter  the  premises  and  execute  the  works  specified  in 
the  order  of  the  court,  and  recover  in  a  summary  manner  the  ex- 
penses so  incurred  from  the  person  on  whom  the  order  is  made 
(County  Court  proceedings). 

A  person  convicted  under  these  sections  can  appeal  to  the  next 
Court  of  Quarter  Sessions,  within  fourteen  days  after  the  hearing, 
provided  he  gives  notice  of  such  intention  to  the  local  authority  and 
enters  into  the  necessary  recognisance. 


London. 
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The  procedure  in  London  is  practically  the  same  as  that  above 
detailed,  with  the  exception  that  by  section  3  of  the  London  Act  a 
sanitary  inspector  is  required  to  send  a  "  written  intimation  "  of  the 
existence  of  a  nuisance,  as  soon  as  he  becomes  aware  of  it,  to  the 
person  who  may  be  required  to  abate  it.  In  very  many  cases  these 
written  intimations  lead  to  the  abatement  of  the  nuisance,  without 
recourse  having  to  be  made  to  the  service  of  statutory  notices  under 
the  Act,  authorized  by  resolution  of  the  local  authority.  Further- 
more, in  the  London  Act  "  any  person  "  may  give  information  of  a 
nuisance. 

Both  urban  local  authorities  in  the  provinces  and  the  Metropolitan 

ocal  authorities  are  empowered   to  delegate  to  a  committee  their 

powers  as  to  the  reception  and  service  of  notices,  the  taking  of  legal 

proceedings,  and  generally  the  execution  of  the  sanitary  provisions 

of  the  Acts. 
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Smokb  Nuisances. 
Public  Health  Act,  1875. 

Section  91  defines  as  a  nuisance  any  fireplace  or  furnace  used  in 
any  trade  or  manitfaclurinR  process  which  does  not  as  far  as  practic- 
able consume  the  smoke  arising  from  the  combustible  used  therein. 
There  is,  however,  a  proviso  that,  in  the  event  of  a  person  being 
summoned  for  this  particular  forrn  of  nuisance,  the  court  must  hold 
that  no  nuisance  had  been  created,  and  must  dismiss  the  complaint, 
if  it  is  satisfied  that  the  furnace  is  constructed  in  such  manner  as  to 
consume  as  far  as  practicable,  having  regard  to  the  nature  of  the 
manufaciure  or  trade,  atl  smoke  arising  therefrom,  and  that  such 
furnace  has  been  carefully  attended  to  by  the  person  in  charge. 

The  same  section  also  defines  as  a  nuisance  any  chimney  (not 
being  the  chimney  of  a  private  dwelling  house)  sending  forth  black 
smoke  in  such  quantity  as  to  be  a  nuisance. 

In  dealing  with  these  smoke  nuisances,  the  sanitary  inspector,  if 
so  instructed  by  his  authority,  can  at  once  make  complaint  to  a 
justice  and  initiate  proceedings.  No  notices  are  required  to  be 
served  under  the  Act,  though  very  often,  as  a  matter  of  courtesy, 
information  as  to  the  cause  of  complaint  is  sent  to  the  person  respon- 
sible before  an  application  is  made  to  the  court.  If  evidence  is 
forthcoming  that  the  smoke  issuing  was  black  and  in  such  volume  as 
to  be  a  nuisance  to  the  neighbourhood,  in  the  absence  of  rebutting 
evidence,  the  magistrates  are  bound  to  convict.  Should,  however, 
the  smoke  not  be  black,  but  any  lesser  shade  oi  colour  (brown, 
yellow,  &c.),  evidence  must  be  adduced  by  the  prosecution  either 
that  the  stoking  is  at  fault,  that  coal  of  unsuitable  quality  is  being 
used,  or  that  the  furnace  is  not  constructed  so  as  to  consume  as  far 
as  practicable  the  smoke  arising  from  the  combustible  used  therein. 
All  these,  naturally,  are  matters  much  more  difficult  of  proof  than 
where  the  only  evidence  necessary  is  the  proof  of  black  smoke  and 
nuisance,  and  are  also  much  more  liable  to  be  upset  by  rebutting 
evidence  called  on  behalf  of  the  defendant.  The  inspector  should 
always  make  time  observations,  showing  for  each  hour  the  numbers 
of  minutes  of  black  smoke,  of  coloured  fmokc,  and  of  absence  of 
visible  smoke,  respectively,  and  should  produce  this  evidence  in 
court. 

LottdoH. 

In  London  the  smoke  sections  (23  and  24)  of  the  Public  Health 
(London)  Act,  1891,  contain  practically  identical  provisions,  the 
authorities  being  the  various  municipal  boroughs. 


SCAVBNCINO   AND   CLEANSING. 

Public  Health  Act,  1875. 

Section  42  provides  that  every  local  authority  may,  and  when 
required  by  the  Local  Government  Board  shall,  themselvci  under- 
ake  or  contract  for  (i)  the  removal  of  house  refuse  from  premises, 
(2)  the  cleansing  of  earth-closets,  privies,  ashpits  and  cesspool', 
(j)  the  cleansing  and  watering  of  the  streets.  If  the  local  authority 
fails,  without  reasonable  excuse,  after  written  notice  from  the 
occupier  of  any  house,  to  remove  refuse  or  cleanse  a  privy,  cesspool, 
&c.,  within  seven  days,  the  defaulting  authority  is  liable  to  pay  to 
the  occupier  5s.  per  day  during  (uch  default.  When  the  local 
authority  do  not  themselves  undertake  or  contract  for  the  removal 
of  house  refuse  and  cleansing  of  privies,  &c.,  they  may  make  by- 
laws imposing  these  duties  on  the  occupiers  of  premises,  together 
with  the  cleansing  of  footways  adjoining  their  premises. 

Urban  authorities  may  also  make  by-laws  for  the  prevention  of 
nuisances  arising  from  snow,  filth,  dust,  ashes,  and  rubbish,  and  for 
the  prevention  of  the  keeping  of  animals  on  premises  10  as  to  be 
injurious  to  health.  In  urban  districts  no  swine  may  be  kept  in  any 
dwelling  house  so  as  to  be  a  nuisance.  The  model  by-laws  of  the 
Local  Government  Board  require  that  swine  must  not  he  kept 
within  100  feet  of  any  dwelling.  An  urban  authority  may  also  give 
notice  by  public  announcement  requiring  the  periodical  removal  of 
all  manure  or  other  refuse  Irom  mews  and  stables.  Penalties  are 
incurred  for  Infringing  these  notices  made  by  public  announcement, 
without  any  further  notice  being  required  to  be  sent  to  the  person  in 
default. 

Public  Heallh  Ads  Amtndmint  Act,  1890.  ^ 

Under  this  Act  sanitary  authorities  have  power  to  cleanse  alleyi 
and  courts,  which  are  not  highways,  and  to  charge  the  occup'eta  of 
the  houses  abutting  on  the  courts  with  the  cost  of  doing  so. 


Public  Health  (London)  Act,  1891. 

In  London,  footways  as  well   as  streets  must  be  cleansed  by  the 

local  authorities.     If  they  fail  to   do  so,  they  are   liable  to  a  fine  of 

^20.      The   London   authorities   are   also   required   to   remove   alt 

/louac  refufc  ftom  premises.     They  are  liable  to  a  £lo  fine  if  thev 
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neglect  to  do  so  for  longer  than  forty-eight  hours  after  the  receipt 
of  a  complaint.  Dustmen  arc  prohibited  from  asking  for  gratuities. 
Local  authorities  may  be  required  to  remove  trade  refuse  from  any 
premises,  but  the  occupier  of  the  premises  must  pay  a  "  reasonable  " 
sum  for  the  removal.  Any  question  as  to  what  constitutes  trade 
refuse  is  to  be  Fcllled  by  a  Petty  Sessional  Court  (magistrate). 
Periodical  removal  of  manure  Is  required  as  under  the  1S75  Act. 

The  collection  of  house  and  street  refuse  is  deemed  an  offensive 
trade  in  London,  and  the  County  Council  has  control  over  the  local 
authorities  m  this  matter  as  if  the  business  was  an  offensive  trade. 
In  London  no  swine  may  be  kept  on  any  premUes  within  40  yardg 
of  any  street  or  public  place. 

Every  sanitary  authority  is  required  to  make  by-laws  (i)  for  the 
prevention  of  nuisances  from  snow,  ashes,  filih,  lic,  in  any  street ; 
(i)  for  prevention  of  nuisance  fronr  offensive  matter  running  out  of 
trade  premises;  (3)  for  the  keeping  of  animals  on  any  premises; 
(4)  for  the  paving  of  yards  and  open  spaces  in  connection  with 
dwelling  houses.  Straw  and  tan  may  be  laid  in  the  streets  to  pre- 
vent noise  in  case  of  illness. 

The  County  Council  is  required  to  make  by-laws  for  prescribing 
the  times— (t)  for  removing  by  road  or  water  fxcal,  offensive,  or 
noxious  matters  or  liquids,  and  the  construction  and  covering  of  the 
vessels  used  for  the  purpose;  (2)  as  to  the  removal  and  disposal  of 
refuse,  and  the  closing  up  of  privies  and  cesspools. 

These  by-laws  must  be  enforced  by  the  local  sanitary  authorities, 


Water  Supply. 

Public  Health  Act,  1875. 

Power  is  given  to  all  authorities,  both  urban  and  rural,  to  provide 
their  districts  with  a  supply  of  water  proper  and  sufficient  for  public 
and  private  purposes  (section  51).  By  section  62  a  local  authority 
may,  on  the  report  of  their  surveyor  that  any  house  within  their 
district  is  without  a  proper  supply  of  water,  give  written  notice  to 
the  owner  of  the  house  requiring  him  within  a  specified  time  to 
obtain  such  supply,  provided  that  it  can  be  furnished  at  a  cost  not 
exceeding  the  water  rate  authorized  by  any  local  Act  in  force  within 
the  district,  or  in  the  absence  of  any  local  Act  at  a  cost  not  exceed- 
ng  2d.  per  week. 
Qy  section  70,  on  a  representation  being  made  to  a  local  authority 
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that  within  their  district  the  water  in  any  well,  tank,  or  cistern, 
public  or  private,  which  is  used,  or  likely  to  be  used,  by  man  for 
drinking  or  domestic  purposes,  or  for  manufacturing  drinks  for  the 
use  of  man,  is  so  polluted  as  to  bt  injurious  to  htalth,  the  local 
authority  may  apply  to  a  court  of  summary  jurisdiction  for  a 
summons  against  the  owner  or  occupier  of  the  premises  to  which 
the  well,  tank,  or  cistern  belongs.  The  court  may  at  the  hearing  of 
the  summons  make  an  order  for  such  well,  tank,  or  cistern  to  be 
temporarily  or  permanently  closed,  or  for  the  water  to  be  used  for 
certain  purposes  only.  If  the  court  sees  fit,  it  may  cause  the  water 
complained  oi  to  be  analyzed  at  the  cost  of  the  local  authority. 


Public  Htalh  (Waltr)  Act,  1878. 

Section  3  makes  it  the  duty  of  every  rural  sanitary  authority  to 
see  that  every  occupied  dwelling  house  within  their  district  has 
within  a  reasonable  distance  an  available  supply  of  wholesome  water 
sufficient  for  the  use  of  the  inmates  of  the  house.  When,  on  the 
report  of  an  officer  of  the  rural  authority,  it  appears  that  an  occupied 
dwelling  house  has  not  such  a  supply,  and  that  it  can  be  provided  at 
a  cost  the  interest  of  which  at  the  rate  of  5  per  cent,  would  not 
exceed  ad.  or  3d.  per  week,  as  the  Local  Government  Board  may 
determine,  the  authority  may  serA'c  a  notice  on  the  owner  to  provide 
such  a  supply  within  a  specified  time.  If  such  notice  is  not  com- 
plied with,  a  second  notice  may  be  served,  to  the  effect  that  after 
one  month  from  the  date  of  its  service  the  authority  will  themselves 
provide  such  supply.  At  the  expiration  of  the  month,  if  the  supply 
has  not  been  provided,  the  authority  may  themselves  execute  the 
necessary  works,  and  recover  from  the  owner  the  expenses  so 
incurred.  By  section  6  it  is  enacted  that  no  newly  erected  or  rebuilt 
house  in  a  rural  district  may  be  occupied  unless  the  owner  has  ob- 
tained a  certificate  from  the  sanitary  authority  that  there  is  provided 
within  a  reasonable  distance  of  the  house  an  available  supply  of 
wholesome  water  sufficient  for  the  use  of  the  house.  Section  7 
requires  every  rural  sanitary  authority  to  take  such  steps  from  lime 
to  time  as  may  be  necessary  to  ascertain  the  condition  of  the  water 
supply  within  their  district;  and  section  11  authorizes  the  Local 
Government  Board  to  invest  by  order  any  urban  sanitary  authority 
with  all  or  any  of  the  powen  of  this  Act  conferred  upon  rural 
authorities. 
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London, 

In  London  the  water  is  supplied  by  eight  companies  taking  water 
from  the  Thames,  New  River,  Lea,  and  deep  wells  in  the  chalk. 
Their  powers  and  duties  are  regulated  by  their  own  (Companies 
Acts)  and  by  the  Metropolis  Water  Acts  of  1852  and  1871.  The 
Local  Government  Board  has  certain  powers  of  control ;  for 
instance,  it  may  make  periodical  examinations  of  the  water,  ap- 
prove new  sources  of  supply,  approve  the  regulations  made  by  the 
companies  as  regards  pipes,  taps,  and  other  house  fittings  for  the 
prevention  of  waste  or  contamination,  and  also  hold  inquiries  into 
complaints  made  by  consumers  as  to  the  quality  or  quantity  of  the 
water  supplied  for  domestic  use.  The  London  County  Council  has 
power  to  require  a  constant  supply  of  water  in  any  district  in  place 
of  an  intermittent  supply.  The  company  serves  notices  on  the 
houses  in  the  district  to  alter  their  pipes  and  fittings  to  meet  the 
requirements  prescribed  for  a  constant  serv-ice,  and  unless  the  com- 
pany can  show  that  more  than  20  per  cent,  of  the  houses  have  not 
adopted  the  prescribed  iittings,  the  supply  must  be  made  and  con- 
tinued constant.  The  County  Council  has  power  to  supply  the 
prescribed  fittings  on  default  uf  the  owner  or  occupier  of  premises 
scheduled  for  a  constant  supply,  and  recover  the  costs  so  incurred. 

By  section  48  of  the  Public  Health  (London)  Act,  )8gi,  a  newly 
erected  or  rebuilt  house  must  not  be  occupied  until  the  sanitary 
authority  has  certified  that  it  has  a  proper  and  sulficient  supply  of 
water.  By  section  49  any  water  company,  on  cutting  off  the  water 
of  an  inhabited  dwelling  house,  is  required  to  give  within  twenty- 
four  hours  written  notice  of  the  fact  to  the  sanitary  authority  of  the 
district  under  a  £'10  penalty.  By  section  50  every  sanitary  authority 
is  required  to  make  by-laws  for  securing  the  cleanliness  and  free- 
dom from  pollution  of  tanks,  cisterns,  and  other  receptacles  used  for 
storing  water  for  drinking  or  domestic  purposes,  or  for  manufactur- 
ing drinks  for  the  use  of  man.  The  other  powers  are  similar  to 
those  in  the  Public  Health  Act,  1875,  with  the  exception  that  in  the 
case  of  wells,  tanks,  or  cisterns,  of  which  it  is  desired  to  obtain  the 
closure,  it  is  only  necessary  to  prove  that  the  water  is  "  so  polluted, 
or  likely  to  be  so  polluted,  as  to  be  injurious  or  dangerous  to 
health." 

By  the  Water  Companies  (Regulation  of  Powers)  Act,  1887, 
water  companies  are  prohibited,  under  a  £s  daily  penalty,  from 
cutting  off  the  water  supply  for  non-payment  of  water  rates  in  the 
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case  of  houses  for  which  the  rates  are  compounded,  and  the  vrater 
rate  is  payable  by  the  landlord-  In  London  the  rateable  value  of 
ruch  houses  must  be  f/io  or  under,  and  in  the  provinces  ;(io  or 
under. 

Rivers  Pollijtion. 

By  the  Rivers  Pollution  Prevention  Act,  1876,  the  following  act* 
which  might  pollute  a  stream  or  interfere  with  its  due  (low  are  pro- 
hibited: (1)  The  discharge  into  any  stream  of  solid  refuse  of  any 
manufactory  or  quarry,  or  any  rubbish,  cinders,  waste  or  putrid 
solid  body;  (2)  the  discharge  of  solid  or  liquid  sewage  matter,  unless 
the  best  practicable  and  available  means  have  been  adopted  to  render 
harmless  such  matters;  (3)  the  discharge  of  any  poisonous,  noxious, 
or  polluting  liquid  from  any  manufactory,  with  the  same  proviso : 
(4)  the  discharge  of  any  solid  or  liquid  matter  from  any  mine,  with 
the  same  proviso. 

A  sanitary  authority  can  enforce  the  Act  by  taking  legal  proceed* 
ings,  but  only  with  the  consent  of  the  Local  Government  Board  in 
the  case  of  (3)  and  (4).  That  Board,  in  giving  or  withholding  con> 
sent,  must  have  regard  to  the  industrial  interests  involved,  and  10 
the  circumstances  and  requirements  of  the  locality. 

ir  a  sanitary  authority  declines  to  initiate  proceedings,  anjr 
aggrieved  person  may  apply  to  the  Local  Government  Board,  who 
may  direct  the  authority  to  proceed. 

In  this  Act  "stream"  includes  the  sea  to  such  extent,  and  tidal 
waters  to  such  point,  as  may,  after  local  inquiry  and  on  sanitary 
grounds,  be  determined  by  the  Local  Government  Board,  by  order 
published  in  the  "  London  Gazette";  save,  as  aforesaid,  it  includes  , 
rivers,  streams,  canals,  lakes,  and  water  courses,  other  than  wate 
courses  mainly  used  as  sewers  and  emptying  directly  into  the  lea. 
"  Solid  matter  "  does  not  include  particles  of  matter  in  suspension  in 
water.    "  Polluting  "  does  not  include  innocuous  discoloration. 

Owing  to  the  great  manufacturing  interests  involved,  and  the  safe*' 
guards  against  procedure  so  abundantly  introduced  into  the  Act,  it 
has  been  but  little  put  into  operation  to  prevent  pollution  of  streantt 
n  the  manufacturing  counties. 


k 


Cellar  Dwellings. 
VHhite  Htalih  Act,  1875. 

There  is  no  definition  of  cellar  or  underground   room  in  this  Actt 
but  in  the  Public  Health  (London)  Act,  1891,  an  underground  room 
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Includes  any  room  of  a  house  the  surface  of  the  floor  of  which  room 
Is  more  than  3  feet  below  the  surface  of  the  footway  of  the  adjoining 
street,  or  of  the  ground  adjoining  or  nearest  to  the  room.  Under 
the  187s  Act  any  cellar  in  which  any  one  passes  the  night  is  deemed 
to  be  occupied  as  a  dwelling  (section  74). 

The  Act  prohibits  the  occupation  of  cellar  dwellings  not  lawfully 
occupied  prior  to  the  passing  of  the  Act ;  and  existing  cellar  dwellings 
may  only  be  occupied  on  certain  conditions.  No  cellar  may  be 
occupied  ieparalcly  as  a  dwelling  ((.<•-,  it  may  be  occupied  by  a  (am  ly 
in  conjunction  with  other  rooms  on  any  other  floor  of  the  house,  but 
not  when  u>ed  solely  by  one  tenant  or'familj)  unless  the  following 
requisitions  are  complied  with  :  (i)  Unless  the  cellar  is  7  feet  in 
height  from  floor  to  ceiling  throughout,  3  feet  of  this  height  being 
above  the  level  of  the  street  or  ground  adjoining  ;  (2)  unless  there  is 
an  open  area  outside  extending  along  the  entire  frontage  of  the 
cellar  at  least  2}  feet  wide  and  sunk  6  inches  below  the  level  of  the 
floor  of  the  cellar;  (3)  unless  effectually  drained  by  a  drain  which 
is  nowhere  less  than  i  foot  below  the  level  of  the  floor  of  the  cellar; 
(4)  unless  there  is  appurtenant  to  the  cellar  the  use  of  a  proper 
water-closet,  earth-closet,  or  privy,  and  ashpit ;  (5)  unless  the  cellar 
has  a  fireplace  with  chimney  and  flue,  and  an  external  window  of  at 
least  g  superficial  feet  in  area  clear  of  the  sash  frame  and  made  to 
open.  In  the  case  of  a  back  cellar  occupied  along  with  a  front  cellar 
as  part  of  the  same  letting,  the  window  need  not  have  a  larger  area 
than  4  supetficial  feel.  Steps  in  the  area  giving  access  10  the  cellar 
are  permitted,  if  not  across  or  opposite  to  the  window,  and  at  least 
6  inches  away  from  the  external  wall.  Similarly,  steps  are  permitted 
to  give  access  to  the  building  above  if  not  across  or  opposite  to  the 
window  (section  72).  There  is  a  penalty  of  201.  for  every  day  a 
cellar  is  permitted  to  be  occupied  which  does  not  comply  with  the 
above  provisions,  after  notice  from  the  sanitary  authority ;  and  in  the 
case  of  two  convictions  within  three  months,  an  order  may  be  mado 
for  the  closing  of  the  cellar. 


Public  Htallh  [London)  Act,  1891. 

Under  the  London  Act  the  ceiling  of  the  cellar  need  be  only  i  foot 
in  height  above  the  level  of  the  ground  or  street  adjoining  when  the 
open  area  is  6  feet  or  more  in  width.  The  open  area  must  be 
properly  paved  and  drained,  and  must  be  not  less  than  4  feet  wide. 
The  walls  of  the  room  must  be  constructed  with  a  proper  damp 
course  and  secured  against  dampness  of  soil,  the  soil  immediately 
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below  the  room  being  efTectually  drained.  Any  drain  ptssing  under 
the  room  is  to  be  constructed  of  gas-tight  pipe,  and  the  room  is  to  be 
secured  against  the  rising  of  any  effluvia  or  exhalation,  and  to  be 
effectually  ventilated.  The  window  of  the  room  is  to  have  a  total 
area  clear  o(  sash  frames  equal  to  at  least  one-tenth  of  the  floor  area 
of  the  room,  and  is  to  be  so  constructed  that  one-half  at  least  can  be 
opened,  the  opening  extending  to  the  top  of  the  window.  In  other 
respects  the  provisions  are  similar  to  the  Act  of  1875.  Unless  the 
sanitary  authorities  in  London  have  specially  dispensed  with  or 
modified  any  of  the  above  requisites  which  involved,  at  the  time  of 
the  Act  coming  into  force,  structural  alterations  of  buildings  (which 
they  had  power  to  do  within  six  months  of  the  commencement  of  the 
Act),  the  above  provisions  now  apply  to  all  underground  rooms  in 
London  separately  occupied  as  dwellings.  The  modifications  ot 
dispensations  might  not  in  any  case  alter  the  requirements  of  the 
Metropolis  Management  Acts  which  were  in  force  prior  to  i8gi. 

Two  or  more  underground  rooms  occupied  together,  and  not  in 
conjunction  with  other  rooms  above  the  basement,  are  deemed  to  be 
Kparately  occupied  as  dwellings,  and  it  is  for  the  defendant  to  show 
that  the  underground  room  or  rooms  are  not  separately  occupied. 
Kvidencc  (such  as  the  presence  of  a  bed)  giving  rise  to  a  probable 
pregumptiun  that  some  person  passes  the  night  there,  is  evidence 
until  the  contrary  is  proved. 


Common   Luhcing  Houses. 
Public  Htallh  Act,  1875. 


B  There  is  no  definition  of  common  lodging  house  in  this  Act,  but  it 
is  usually  held  to  mean  a  lodging  house  in  which  persons  of  the 
poorer  class  are  received  for  short  periods  (usually  a  night),  and, 
although  strangers  to  one  another,  are  allowed  to  inhabit  a  common 
room  (day  room  or  dormitory). 

Every  common  lodging  house  is  required  to  be  registered  with  the 
local  authority,  who  must  keep  a  register  for  the  purpose,  but  may 
not  register  any  such  house  until  it  has  been  inspected  and  approved 
for  the  purpose  by  one  of  its  officers.  A  notice,  with  the  words 
"  Kcgislered  Common  Lodging  House,"  is  to  be  affixed  to  the 
outside  of  the  house.  Every  local  authority  must  make  by-laws 
(i)  as  to  the  number  of  lodgers  that  may  be  received,  and  as  to  the 
separation  of  the  sexes;  (2)  for  promoting  cleanliness  und  ventilation 
/V7  eucA  Aoutet;  (j)  (or  the  giving  of  notices  and  the  taking  precaa- 
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tions  in  the  case  of  any  mfectious  disease;  and  (4)  generally  for  the 
well  ordering  ofEuch  houses. 

The  model  by-laws  of  the  Local  Government  Board  provide  inter 
alia  that  the  cubic  space  per  head  in  the  sleeping  rooms  is  not  to  be 
less  than  300  feet,  two  children  counting  as  one  adult ;  that  no 
person  above  ten  years  of  age  must  sleep  in  a  room  occupied  by 
persons  of  the  opposite  sex,  but  rooms  may  be  set  apart  for  the  sole 
use  of  married  couples  if  every  bed  is  screened  off.  No  bed  must  be 
occupied  by  more  than  one  male  over  ten  years  of  age.  The  floors 
are  to  be  swept  daily,  and  washed  once  a  week.  Windows  are  to 
be  opened  fully  for  an  hour  in  the  morning,  and  the  same  in  the 
ailemoon.  Beds  must  be  stripped  of  clothes  and  exposed  to  the  air 
for  an  hour  each  day,  and  must  not  be  reoccupied  within  eight  hours 
of  being  vacated.  All  refuse  and  slops  must  be  removed  from  the 
rooms  before  to  a.m.,  and  all  utensils  cleansed  daily.  The  windows, 
yards,  closets,  and  ashpits  must  be  kept  clean  and  in  good  order; 
and  a  sufficient  supply  of  basins,  towels,  and  water  must  be  provided 
for  the  use  of  the  lodgers.  In  the  case  of  infectious  disease  occurtmg, 
the  keeper  of  a  common  lodjjing  house  must  carry  out  all  the 
measures  and  adopt  all  the  precautions  directed  by  the  medical 
officer  of  health. 

The  Act  requires  all  walls  and  ceilings  to  be  limewashed  twice  a 
year  (April  and  October),  and  the  keeper  may  be  required  to  make 
a  daily  report  to  the  local  authority  as  to  the  persons  resorting  to 
his  house.  He  must  give  immediate  notice  of  any  illness  or  lever 
amongst  his  lodgers  to  the  medical  officer  of  health  and  to  the  poor- 
law  relieving  officer  of  the  union  or  parish. 

In  London  the  common  lodging  houses  are  regulated  by  the 
Common  Lodging  Houses  Acts  of  1851  and  J853,  the  provisions 
being  practically  identical  with  those  above  given.  Until  recently 
these  houses  were  under  the  supervision  of  the  Metropolitan  Police  ; 
they  are  now,  however,  controlled  by  the  London  County  Council. 


HOUSBS   LET    IN   LODGINOS. 

Pitblie  Health  Act,  1875  {Siclion  90). 

When  required  by  order  of  the  Local  Government  Board,  local 
authorities  are  empowered  to  make  by-laws  for  houses  let  in  lodgings 
or  occupied  by  members  of  more  than  one  family.  The  by-laws  thus 
made  provide  (i)  for  fixing  the  number  of  persons  who  may  be  taken 
in  as  lodgers,  and  for  the  separation  of  the  sexes  i  (2)  for  the  tegistra- 
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tion  of  the  houses:  (3)  (or  their  inspection;  (4)  for  enforcing  drainage 
and  privy  accommodation,  and  for  promoting  cleanliness  and  ven- 
tilation; (s)  for  the  cleansing  and  limewashing  of  the  premises, 
and  for  the  paving  of  the  courts  and  yards;  (6)  for  the  giving  of 
notices  and  the  taking  of  precautions  in  case  of  any  infectious 
disease. 

Houses  in  which  the  rooms  are  let  at  or  above  a  certain  weekly 
rental,  to  be  determined  by  the  local  authority,  are  usually  exempted 
from  the  operations  of  these  bylaws. 

The  minimum  cubic  space  permitted  is  usually  400  or  450  cubic 
feet  per  head  in  the  case  of  a  room  used  both  as  a  dwelling  and 
sleeping  room,  and  300  or  350  cubic  feet  in  the  case  of  a  room  used 
for  sleeping;  purposes  only.  The  other  regulations  that  can  be  m:ide 
are  very  similar  to  those  enumerated  as  applicable  in  the  case  of 
common  lodging  houses,  with  the  exception  that  it  is  seldom  that  any 
such  bylaws  attempt  to  enforce  the  separation  of  the  sexes,  and  t!.e 
limewashing  need  only  be  carried  out  once  a  year  (April). 


Public  Htalih  (London)  Act,  i8gl  (Section  g^).  ' 

In  London  every  sanitary  authority  (municipal  borough)  is  reqtiired 
to  make  and  enforce  similar  by-laws  for  houses  in  its  district  which 
are  let  in  lodgings  or  occupied  by  members  of  more  than  one  family. 

I  By-laws  made  under  the  Sanitary  Act  of  1866,  prior  to  1891,  are  not 

necessarily  Fupcrsedcd  by  the  by-laws  to  be  made  under  the  i8gl 
Act,  unless  the  sanitary  authority  resolves  that  this  should  be  done 

^K       ('eclion  141,  2,  li).  J 

^K^^  Infectious  Diseases.  ^H 

^^^Hp  tii/fclioiii  Diieasi  (Notification)  Act,  lESg.  I 

[  This  Act,  which  was  formerly  permissive,  is  now  made  compulsory 

^_      throughout  the  country. 

^P         The  compulsorily  notifiable  infectious  diseases  are:    Small-pox; 

^^  cholera;  diphtheria:  membranous  croup;  erysipelas;  scarlet  fever 
or  scarlatina;  typhus;  typhoid  or  enteric;  relapsing,  continued, 
and  puerperal  fevers.  A  local  authority  may  by  resolution  make 
an  order  extending  compulsory  notification,  either  temporarily  or 
/>crnianently,  to  any  other  infectious  disease  not  included  in  the 
above  liai,   bat  the  resolution  must   be  confirmed   by  the    Local 
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Government  Board.  The  diseases  to  which  compulsory  notifica- 
tion has  been  more  commonly  extended  are  diarrhoea,  measles, 
whooping  cough,  and  chicken-pox.  There  has  been  some  agitation 
in  favour  of  including  pulmonary  tuberculosis  amongst  the  notiiiable 
diseases,  but  the  Local  Government  Board  has  not  so  far  sanctioned 
this  novel  departure. 

The  persons  required  to  notify  to  the  medical  officer  of  health  of 
the  district  arc ;  {a]  The  head  of  the  family  to  which  the  patient 
belongs;  and  in  his  default  the  nearest  relative  of  the  patient 
present  in  the  building  or  in  attendance  on  the  patient;  and  in 
default  of  such  relatives  every  person  in  charge  of  or  in  attendance 
on  the  patient ;  and  in  default  of  any  such  person  the  occupier  of 
the  building,  shall,  as  soon  as  he  becomes  aware  that  the  patient  is 
suffering  from  an  infectious  disease  to  which  this  Act  applies,  send 
notice  thereof  to  the  medical  officer  of  health  of  the  district. 

{b)  Every  medical  practitioner  attending  on  or  called  in  to  visit 
the  patient  shall  forthwith,  on  becoming  aware  that  the  patient  ia 
suffering  from  an  infectious  disease  to  which  this  Act  applies,  send 
to  the  medical  officer  of  health  for  the  district  a  certificate  stating 
the  name  of  the  patient,  the  situation  of  the  building,  and  the  in- 
fectious disease  from  which  in  his  opinion  the  patient  is  suffering. 
There  is  a  401,  penalty  for  failing  to  send  the  notice  or  certificate  as 
required.  No  proceedings  can  be  taken  after  a  lapse  of  six  months 
from  the  date  of  commission  of  the  offence. 

Although  dual  notification  (by  the  householder  and  by  the  medical 
practitioner)  is  here  provided  for,  notification  by  the  householder  is 
rarely,  if  ever,  insisted  on  by  sanitary  authorities.  The  notification 
by  the  householder,  or  relatives,  or  person  in  charge,  or  occupier,  is 
a  safeguard  for  those  cases  in  which  medical  assistance  is  not  sought, 
but  the  practical  difliculty  of  proving  that  any  lay  person  was  aware 
of  the  nature  of  an  infectious  disease  occurring  in  his  family  or  house 
is  so  great  as  to  render  the  application  of  this  section  to  concealed 
ca-^es  of  infectious  disease  exceedingly  difficult.  Every  medical  man 
called  in  to  see  a  case  of  infectious  disease  is  bound  to  notify,  evea 
although  this  has  already  been  done  by  another  practitioner.  lo 
practice,  however,  this  is  but  very  seldom  insisted  on.  Crown 
buildings  are  exempted  from  the  operation  of  the  Act. 


Public  Heatlli  Act,  1875. 

Provisions  ngaiiisl  Itifcction. — Where  any  suitable  hospital  is  pro" 
vided  within  or  near  the  district  of  a  local  authority,  any  pcr^son 
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who  is  suflering  rrom  any  dangerous  infectious  disorder,  and  is 
without  proper  lodging  or  accommodation,  or  lodged  in  a  room 
occupied  by  more  than  one  family,  or  is  an  inmate  of  any  common 
lodging  house,  or  is  on  board  any  ship  or  vessel,  may,  on  a  ceiti- 
ficale  signed  by  any  legally  qualified  medical  practitioner,  by  order 
of  any  justice,  be  removed  to  such  hospital  at  the  cost  of  the  local 
authority.  This  order  may  be  addressed  to  a  constable  or  to  an 
officer  of  the  local  authority,  and  any  person  who  wilfully  disobeys 
or  obstructs  its  execution  is  liable  to  a  ;^ro  penalty. 

A  suitable  hospital  would  be  an  isolation  or  infectious  disease 
hospital  provided  by  the  local  authority,  or  established  out  of 
charitable  funds,  or  the  isolation  wards  of  some  general  hospital  or 
infirmary  adapted  for  the  treatment  of  infectious  cases.  The  magis- 
trate mUKt  be  informed  of  the  consent  of  the  hospital  authorities  to 
receive  the  case. 

There  is  no  definition  of  "dangerous  infectious  disorder"  in  this 
Act,  but  it  is  usually  held  to  denote  any  of  the  diseases  which 
are  compulsorily  notifiable  in  the  district.  With  regard  to  other 
diseases,  it  lies  in  the  discretion  of  the  magistrate  before  whom 
a  case  is  brought,  to  determine  whether  any  paiticular  infectious 
complaint  is  of  a  "  dangerous  "  character,  to  prevent  the  spread  of 
which  precautions  must  be  taken. 

The  words  "without  proper  lodging  or  accommodation"  are  vague, 
but  the  most  recent  legal  decision  is  that  they  have  reference  to  the 
unfitness  of  the  lodging  or  accommodation  for  the  reception  and  treat- 
ment of  a  case  of  infectious  illness,  and  to  the  possible  danger  to 
others  from  inadequate  isolation  of  the  case.  The  earlier  decisions 
in  effect  ruled  that  the  words  had  no  such  reference,  and  were  only 
intended  to  apply  to  tramps  and  casuals  sleeping  out  of  doors  or  in 
places  not  intended  for  human  habitation. 

"  Legally  qualified  medical  practitioner"  means  a  person  registered 
under  the  Medical  Act,  1858. 

When  it  is  intended  to  apply  to  a  magistrate  for  an  order  for 
compulsory  removal,  notice  of  the  time  and  place  of  making  the 
application  should  be  given  to  the  patient  or  his  friends. 

The  officers  entrusted  with  the  duty  of  carrying  out  the  removal  of 
the  patient  are  not  justified  in  employing  force,  either  to  enter  the 
premises  or  apartment  occupied  by  the  patient,  or  to  remove  liim  if 
a  strenuous  resistance  is  offered.  In  such  cases  the  only  remedy 
U  to  summon  the  obstructing  party  with  a  view  to  the  recovery 
of  the  ;fiu  penalty.  The  magistrates'  order  for  removal  does  not 
carry  with  it  the  power  to  detain  the  patient  in  hospital  until  he  is 
f^eoycred  or  ao  longer  infectioui. 
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Local  authorities  may  provide  ambulance  carriages  for  conveying 
ijifeclious  cases  to  hospital,  and  disinfecting  stations,  and  need  not 
make  any  charge  for  the  use  of  the  ambulances  or  for  disinfecting 
infected  goods.  They  may  also  destroy  infected  articles  and  com- 
pensate the  owners.  They  are  also  empowered  to  undertake  the 
disinfection  and  cleansing  of  infected  rooms  or  houses  free  of  charge 
to  the  occupiers. 

Any  person  who,  while  sufTering  from  any  dangerous  infectious 
disorder,  wilfully  exposes  himself  without  proper  precautions  against 
spreading  the  said  disorder  in  any  street,  public  place,  shop,  inn,  or 
public  conveyance,  or  enters  any  public  conveyance  without  previously 
notifying  to  the  driver  that  he  is  so  suffering  ;  and  any  person  being 
in  charge  of  any  person  so  suffering  who  wilfully  exposes  such 
sufferer;  and  any  person  who  gives,  tends,  sells,  transmits,  or 
exposes,  without  previous  disinfection,  any  bedding,  clothing,  rags, 
or  other  things  which  have  been  exposed  to  infection,  is  liable  to  a 
penalty  not  exceeding  £$. 

The  word  "wilfully"  is  equivalent  to  knowingly.  There  can  be 
no  offence  if  there  is  no  knowledge  of  the  infectiousness  of  person 
or  thing.  The  words  "  in  charge  "  are  indefinite,  but  they  clearly 
apply  to  children,  scholars  in  boarding  schools,  and  patients  in 
public  institutions,  but  they  do  not  necessarily  extend  to  domestic 
servants. 

Every  owner  or  driver  of  a  public  conveyance  must  immediately 
provide  for  the  disinfection  of  such  conveyance  after  it  has  to  his 
knowIed);e  conveyed  any  person  suffering  from  a  dangerous  in- 
fectious disorder. 

Penalties  are  also  provided  against  any  person  (including  inn- 
keepers) who  knowingly  lets  for  hire  any  house  or  part  of  a  house 
in  which  any  person  has  been  Buffering  from  any  dangerous  infec- 
tious disorder,  without  having  the  same  disinfected  to  the  satisfaction 
of  a  medical  practitioner.  Any  person,  also,  who  lets  a  house  or  part 
of  a  house,  and  on  being  questioned  by  an  intending  tenant  makes 
false  statements  as  to  the  non-existence  of  infectious  disease  within 
six  weeks  previously,  is  liable  to  a  penalty  of  £20  or  a  month's 
imprisonment. 

Any  local  authority  may  establish  a  hospital  for  infectious  di?- 
eases  in  its  own  district,  and  there  is  no  restriction  on  the  estab'ish- 
ment  of  such  a  hospital  in  a  neighbouring  district;  nor  is  it  necessary 
to  obtain  the  consent  of  the  sanitary  authority  of  the  district  in 
which  it  is  proposed  to  establish  a  hospital. 

Section   133  enables  any  local  authority,  with  the  sanction  of  the 
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Local  Government  Board,  lo  provide  a  temporary  supply  of  medi- 
cine and  medical  assistance  for  the  poorer  inhabitants  of  their  dis- 
trict. This  section  is  intended  to  apply  to  limes  of  epidemic,  such 
as  smallpox,  cholera,  plague,  Ac. 

InfiCtijiis  Disease  (Prevention)  Act,  1890. 

This  is  a  permissive  Act.  Any  urban  or  rural  sanitary  authority 
may  adopt  the  whole  Act  or  one  or  more  of  its  sections.  The  pro- 
visions ol  this  Act.  if  adopted,  shall  apply  to  the  infectious  diseases 
specifically  mentioned  in  the  Infectious  Diseases  Notification  Act, 
and  may  be  applied  to  any  other  infectious  disease  in  the  same 
manner  as  that  Act  may  be  applied  to  such  disease.  That  is  to 
say,  at  the  discretion  of  the  sanitary  authority  it  may  be  made 
oblig.tlory  on  the  public  to  take  the  same  precautions  to  prevent 
the  spread  of  measles,  whooping  cough,  or  chicken-pox,  as  are 
necessary  in  the  case  of  small  pox  or  typhus. 

I3y  section  13  of  the  Act,  local  authorities  are  required  to  privide, 
free  of  charge,  temporary  shelter  or  house  accommodation,  with 
any  necessary  attendants,  for  the  members  of  any  family  in  which 
in'ectious  disease  has  appeared,  who  have  been  compelled  to  leave 
their  homes  to  enable  them  to  be  disinfected. 

Section  6  enables  local  authorities  to  compel  the  delivery  by 
householders  to  them  of  infected  goods  for  the  purposes  of  disin- 
fection, and  provides  for  compensation  to  be  paid  by  local  authori- 
ties in  the  event  of  any  damage  to  the  goods. 

Section  13  prohibits  any  person  from  knowingly  casting  into  any 
dustbin  or  ashpit  any  infectious  rubbish. 

Section  7  prohibits  under  a  ;f  10  penalty  the  concealment  of  the 
ex'stcnce  of  infectious  disease  by  any  lodger  or  tenant  of  a  room, 
toomc,  or  house,  who  is  giving  up  hiii  tenancy,  in  cases  where 
infectious  disease  has  existed  within  a  period  of  «ix  weeks  from  the 
time  of  ceasing  ociupation.  The  concealment  is  of  two  kinds; 
(<i)  In  nut  giving  notice  to  the  owner,  and  leaving  the  house  or 
rooms  without  having  them  disinfected  to  the  satisfaction  of  a 
medical  pr.nctitioncr  ;  (ft)  in  knowingly  making  false  answers  when 
questioned  by  the  owner  of  the  house,  or  by  a  person  negotiating 
lor  the  hire  of  the  house  or  rooms.  This  section  supplements 
sect-ons  118  and  129  of  the  Public  Health  Act,  1875,  which  (see 
p.  7J1)  heavily  penalize  owners  or  landlords  for  letting  infected 
lodgings  or  making  false  statements  when  questioned  as  to  ih; 
exiftence  of  infectious  disease. 
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Section  12  provides  for  the  detention  in  hospital,  on  the  order  of 
a  magistrate,  for  a  specified  time,  of  any  person  who  is  a  patient  in 
an  infectious  disease  hospital,  and  who  would  not  on  leaving  such 
hospital  be  provided  with  accommodation,  where  proper  precautions 
could  be  taken  to  prevent  the  spread  of  infection.  Under  the 
Public  Health  Act,  1875,  only  persons  removed  to  hospital  from 
•hips  can  be  detained  in  hospital,  under  regulations  made  hy  iho 
tanitary  authority. 

PHblic  Health  (London)  Act,  i8gi. 

The  infectious  diseases  sections  of  this  Act  incorporate  the  various 
sections  of  the  Acts  already  mentioned  as  dealing  with  this  subject. 
The  London  notification  certificate  differs  from  that  required  by  the 
Infectious  Disease  (Notification)  Act,  tSSg,  in  that  the  age  and  sex 
of  the  patient  must  be  inserted,  and  also  whether  the  case  notified 
by  the  practitioner  occurs  in  hig  private  practice  or  in  his  j-ractice 
as  medical  officer  of  any  public  body  or  institution,  The  fees  are 
the  same  under  this  Act  as  under  the  Notification  Act — namely, 
ai.  6(/.  for  a  private  case  notified,  and  is.  for  a  public  case. 

Every  municipal  borough  has  power  to  extend  compulsory  notifi- 
cation to  diseases  other  than  those  in  the  schcdu'ed  list  (see  p.  718) 
in  its  own  district,  whilst  the  London  County  Council  has  similar 
powers  for  the  whole  county  of  London.  There  is  no  power  con- 
ferred on  provincial  County  Councils  to  extend  the  Act  to  other 
diseases,  as  has  been  done  for  the  London  County  Council. 

In  London  the  "dangerous  infectious  diseases"  to  which  the 
provisions  penalizing  concealment  and  negligence  refer,  are  those 
scheduled  in  the  compulsorily  notifiable  list.  In  consequence  of 
this,  in  London  it  is  not  compulsory  to  take  any  precautions  with 
regard  to  the  sufferers  from  measles,  mumps,  whooping-cough,  or 
other  non-notifiable  disease.  As  in  the  Infectious  Diseases  (Preven- 
tion) Act,  each  sanitary  authority  has  a  discretionary  power  as  to 
applying  the  penalizing  sections  to  diseases  ordinarily  non-notifiable, 
^^^  but  which  have  been  rendered  compulsorily  notifiable  by  resolution, 
^^B  The  provision  of  disinfecting  stations  and  goods  removal  vans  by 
^^"  tanitary  authorities  is  compulsory,  and  the  disinfection  is  gratuitous, 
r  no  costs  or  expenses  incurred  being  recoverable  by  the  sanitary 
I  authority.     By  section  70  no  case  of  dangerous   infectious  disease 

I  may  be  conveyed  in  a  cab,  tram,  omnibus,  or  other  public  convey- 
I  ance.  The  use  of  all  public  conveyances  for  such  purposes  is 
L         absolutely  prohibited   in   London,     An  ambulance  carriage  must  be 
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obtained  from  the  Metropolitan  Asylums  Board,  whenever 
desired  to  convey  a  person  suffering  from  a  notifiable  infectious 
disease  from  one  place  to  another,  for  which  a  charge  of  51.  is  made. 
The  fever  hospitals  of  the  Metropolis  are  under  the  control  of  the 
Metropolitan  Asylums  Board,  and  so  is  the  removal  of  patients  in 
ambulance  carriai;es  to  or  from  the  hospitals.  The  cases  admitted 
to  the  Board's  hospitals  are  small-pox,  diphtheria,  scarlet  fever, 
enteric  fever,  and  typhus.  The  Board  is  unable  to  acquire  sites  for 
the  erection  of  hospitals  unless  with  the  consent  of  the  Local 
Government  Board. 


Mortuaries,  and  Disposal  of  the  Dead 
Public  Henllh  Act,  1875. 


J 


Any  local  authority  may,  and  if  required  by  the  Local  Govern- 
ment Board  shall,  provide  a  mortuary.  m 

The  body  of  any  dead  person  may,  by  order  of  a  justice,  en  the  V 
production  of  a  medical  certificate,  be  removed  to  a  mortuary,  if  it 
is  in  such  a  state  as  to  endanger  the  health  of  the  inmates  of  the 
house  in  which  it  is  kept.  The  same  power  of  removal  applies  to 
the  body  of  a  person  dead  of  any  infectious  disease,  if  kept  in  a 
room  where  persons  live  or  sleep. 


InftctioHt  Diuau  (PrtvtntioH)  Act,  1890. 


J 


No  infectious  corpse  is  to  be  retained  for  more  than  forty-eight 
hours  in  a  dwelling  place,  sleeping  place,  or  workroom  without  the 
sanction  of  a  medical  practitioner.  Section  g  gives  power  to  prevent 
the  removal  of  an  infectious  corpse  from  a  hospital  to  the  home  of 
relations,  or  to  any  place  except  a  mortuary.  Section  to  enables  a 
justice  to  order  the  removal  of  a  dead  body  to  a  mortuary,  and  its 
immediate  burial,  if  considered  advisable,  on  the  application  of  the 
medical  officer  of  health;  and  section  11  provides  for  the  case  of 
removal  of  an  infectious  corpse  in  a  public  conveyance,  which  is 
unprovided  for  in  the  Act  of  1675, 


LoHiton. 


d 


The  London  Act  contains  almost  identical  provisions  to  the  above, 

but  the  provisions  for  the  most  part  relate  to  the  bodies  of  persons 

who  have  died,  not  of  "  any  infectious  disease,"  but  of  a  "  dangerous 

infectious  difeate. ' 
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The  Cleansing  of  Persons  Act,  1897 


By  this  Act  any  local  authority  has  the  power  of  cleansing 
persons  and  their  clothing  frum  vermin,  when  an  application  is 
made  to  them;  and  local  authorities  may  expend  any  reasonable 
sum  on  buildings,  appliances,  and  attendants  that  may  be  required 
foe  the  carrying  out  of  the  Act. 


I» 


The  Prevention  of  Epidemic  Diseases. 
Public  Htalth  Act,  1875. 


> 


Section  130  enables  the  Local  Government  Board  to  make  regu- 
lations for  the  treatment  of  persons  infected  with  cholera  or  other 
epidemic  disease,  and  for  preventing  the  spread  of  these  diseases  on 
land,  and  on  sea  up  to  the  three  mile  coast  limit.  By  section  134, 
whenever  any  part  of  England  appears  to  be  threatened  with  or  is 
affected  by  any  formidable  epidemic,  endemic,  or  infectious  disease, 
the  Local  Government  Board  may  make  regulations  for  (1)  the  speedy 
interment  of  the  dead ;  (2)  house  to  house  visitation;  (3)  medical 
aid  and  accommodation  ;  (4)  for  the  promotion  of  cleansing,  ventila- 
tion, and  disinfection,  and  for  preventing  the  spread  of  disease. 
The  local  authority  of  any  district  within  which  such  regulations 
are  declared  to  be  in  force  is  charged  with  the  execution  and  en- 
forcement of  the  regulations.  By  the  Public  Health  Act  of  i88g, 
regulations  made  by  the  Local  Government  Board  in  relation  to 
cholera  or  choleraic  diarrhoea  may  be  put  in  force  by  ofhcers  of 
Customs,  and  may  provide  for  the  detention  of  vessels  and  of  persons 
on  board  vessels. 

The  same  provisiona  are  in  force  in  London. 


I  hours ; 

^K  officer, 


Local  Government  Boar  J  Order,  August  a8,  1890;  Cholera 
Kegulations. 

If  there  is  cholera  or  choleraic  diarrhoea  on  board  a  ship,  or  there 
are  reasonable  suspicions  of  such,  any  ofEccr  of  Customs  may  cause 
the  .ship  to  be  anchored  where  he  directs,  and  detain  her,  no  person 
being  allowed  to  leave.  Notice  must  then  be  given  to  the  medical 
officer  of  health  of  the  port,  who  is  req&ired  to  visit  within  twelve 
hours;  otherwise  the  ship  is  released  from  detention.  The  medical 
officer,  without  notice,  may  himself  inspect  any  vessel  arriving  from 
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a  port  or  place  infected  with  cholera.  If  he  Finds  the  ship  to  be 
infected  with  cholera,  he  certifies  accordingly,  transmitting  a  copy 
of  his  certificate  to  the  Local  Government  Board,  and  proceeds  to 
examine  every  person  on  board  the  ship.  In  the  C3se  of  persons 
infected,  or  suspected  of  being  infected,  the  medical  oHicer  cenifiea 
to  this  effect,  and  directs  their  removal,  if  their  condition  admits  of 
it.  to  the  port  isolation  hospital,  to  be  provided  by  the  port  sanitary 
aulhoriiy.  No  person  so  certified  may  leave  the  hospital  until  free 
from  the  disease.  A  person  suspected  of  being  infected  may  be 
detained  lor  two  days  on  board  the  ship  or  in  the  hospital.  Persons 
who  are  not  infected  are  allowed  to  land  immediately,  after  giving 
their  names,  destination,  and  addresses  to  the  medical  officer,  who 
is  required  to  forward  in  each  case  these  particulars  to  the  clerk  of 
the  sanitary  authority  of  the  place  where  each  person  intends  to  go. 
The  master  of  the  ship  is  required  to  carry  out  all  the  medical 
officer's  instructions  as  to  preventing  the  spread  of  infection,  by 
destruction  of  articles  soiled  with  cholera  discharges,  disinfection  of 
the  ship,  pumping  out  bilge  water,  &c.  The  bodies  of  persons  who 
have  died  of  cholera  are  either  to  be  taken  out  and  buried  at  sea,  or 
handed  over  to  the  sanitary  authority  for  burial.  Every  cholera 
infected  ship  is  to  hoist  the  yellow  flag  when  within  three  miles  of 
the  coast. 

liy  a  further  ordtr  of  Aiiguil  2g,  1892,  no  person  is  allowed  to  land 
from  a  cholera  infected  ship,  unless  he  satisfy  the  medical  officer  as 
to  his  name,  place  of  destination,  and  future  address;  and  the  same 
applies  to  ships  not  infected  with  cholera,  but  which  have  passengers 
on  board  who  are  in  a  filthy  or  otherwise  unwholesome  condition,  if 
the  medical  officer  is  of  opinion  that  such  a  course  is  desirable  to 
check  the  possible  introduction  or  spread  of  cholera. 

The  Local  Government  Board  has  also  published  (August  26, 
1892)  a  set  of  "  Precautions  against  the  Infection  of  Cholera"  and  a 
"  General  Memorandum  on  the  Proceedings  which  are  advisable  in 
Places  attacked  or  threatened  by  Epidemic  Disease." 

Tub  Vaccination  Acts. 

The  Principal  Acts  are  those  of  1B67,  1871,  and  1898.  The  Act  of 
1867  required  that  the  patents  or  custodians  of  every  child  born  in 
England  should,  within  3  months  after  its  birth,  take  it  or  cause  it  to 
be  taken  to  the  public  vaccinator  of  the  vaccination  district,  in  which 
the  child  resides,  to  be  vaccinated,  or  should  within  the  tame  period 
caute  it  to  be  vaccinated  by  some  medical  practitioner.    Defaulting 
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parents  or  custodians  are  liable  to  proseculion  by  the  vaccination 
officer,  who  is  required  to  be  appointed  by  the  guardians  of  every 
union  or  parish  (Act  of  1871).  On  summons,  magistrates  cin  make 
an  order  directing  the  chid  to  be  vaccinated;  and  in  the  event  of 
this  order  being  disregarded  the  vaccination  oflicer  can  proceed  for 
penalties  against  the  defaulter.  The  Act  of  1871  also  rendered  it  an 
offence  for  any  person  to  refuse  to  allow  a  public  vaccinator  to  take 
lymph  from  any  child  that  he  has  vaccinated  ;  and  also  re-enacted 
the  prohibition  of  Inoculating  any  person  with  smallpox. 

The  Act  of  1898  extends  the  period  within  which  an  infant  may 
remain  unvacclnated  from  three  months  to  six ;  nor  need  the  child 
be  taken  to  the  public  vaccinator.  The  public  vaccinator  of  the 
district  must  visit  the  home  of  the  child  for  the  purpose  of  vaccinating 
it.  If  the  patent  or  custodian  so  requires.  If  a  child  Is  not  vaccinated 
within  4  months  of  its  birth,  the  public  vaccinator  must,  after  at 
least  24  hours'  notice  to  the  parent,  visit  the  home  of  the  child,  and 
offer  to  vaccinate  the  child  with  glycerlnaled  calf  lymph,  or  such 
other  lymph  as  may  be  Usued  by  the  Local  Government  Board.  No 
child  Is  to  be  vaccinated  if,  in  the  opinion  of  the  public  vaccinator, 
the  operation  cannot  be  safely  done,  owing  to  the  insanitary  condi- 
tion of  the  house,  or  the  recent  prevalence  of  infectious  disease  In 
the  district.  In  such  cases  a  certificate  of  postponement  is  to  be 
given,  and  notice  is  to  be  sent  to  the  Medical  Ofhccr  of  Health.  No 
parent  or  custodian  shall  be  liable  to  any  penalty  under  the  Act  of 
1867,  If  within  4  months  from  the  birth  of  the  child  he  satisfies  two 
justices  or  a  stipendiary  magistrate  in  petty  sessions  that  he  con- 
scientiously believes  that  vaccination  would  be  prejudicial  to  the 
health  of  the  child,  and  within  7  days  thereafter  delivers  to  the 
vaccination  officer  a  certificate  by  such  justices  or  magistrate  of 
such  conscientious  objection.  The  Act  prohibits  the  making  of  a 
Kcond  order,  directing  that  a  child  shall  be  vaccinated,  in  the  case 
of  any  person  who  has  been  previously  convicted  of  non-compliance 
with  a  similar  order  relating  to  the  same  child,  unless  the  child  has 
reached  the  age  of  4  years.  The  Act  also  empowers  the  Local 
Government  Board  by  Order,  in  the  event  of  serious  risk  of  outbreak 
of  small-pox,  to  require  the  guardians  of  any  poor-law  union  to  pro- 
vide vaccination  stitions  ;  and  to  modify  the  provisions  of  the  Act 
as  to  the  visitation  of  the  child  in  its  own  home  by  the  public 
vaccinator.     The  Act  remains  in  force  until  January  i,  1904. 

The  chief  anomalies  of  the  present  vaccination  law  are  that  the 
Acts  are  administered  by  the  Poor-Law  Guardians,  and  not  by  the 
Sanitary  Authorit'es,   who   are   otherwise   charged   with   all   public 
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health  matters;  and  that  the  vaccination  officer  is  appointed  by 
the  guardians,  but  is  required  by  the  Local  Government  Board  to 
administer  the  Acts  independently  of  the  persons  or  board  appoint- 
ing him. 


Housing  of  thb  Working  Classes. 

The  principal  Act  dealing  with  the  displacement  of  working  class 
populations  from  unhealthy  areas  and  houses,  and  the  rehousing  of 
the  displaced  people,  is  the  Housing  of  the  Working  Classes  Act, 
B  X890. 

■  Vnhtalthy  Anns. 

■  Part  I.  of  the  Act  is  concerned  with  unhealthy  areas.  The  authori- 
ties for  this  part  of  the  Act  are  the  urban  sanitary  authorities,  and 
in  London  the  London  County  Council  and  the  Corporation  for  the 
City. 

A  medical  officer  of  health  is  empowered  to  make  an  official  repre- 
sentation to  his  authority — {a)  that  any  houses,  courts,  or  alleys,  are 
unfit  for  human  habitation  ;  (A)  that  the  narrowness,  closeness,  and 
bad  arrangement,  or  the  bad  condition,  of  the  streets  and  houses  or 
groups  of  houses  within  such  area,  or  the  want  of  light,  air,  ventila- 
tion, and  proper  conveniences,  or  any  other  sanitary  defects,  or  one 
or  more  of  such  causes,  are  dangerous  or  injurious  to  the  health  of 
the  inhabitants,  either  of  the  buildings  in  the  said  area  or  of  the 
neighbouring  buildings;    and   that   the   evils  connected   with  such 

I  bouses,  courts  or  alleys,  and  the  sanitary  defects  in  such  area, 
cannot  be  effectually  remedied  otherwise  than  by  an  improvement 
•chcme  for  the  rearrangcmeat  and  reconstruction  of  the  streets  and 
houses  within  such  area. 

The  medical  officer  of  health  may  make  a  representation  on  his 
own  initiative,  or  he  may  be  required  to  make  it  on  the  complaint  of 
^■itwo  or  more  justices  of  the  peace  of  the  district,  or  of  twelve  or  more 
^ftxatepayers.  The  local  authority,  on  receiving  the  olhcial  teprcscnta- 
^rtton,  may  pass  a  resolution  to  the  effect  that  such  area  is  ao 
^Bnnhealthy  area,  and  that  an  improvement  scheme  ought  to  be  made 
^■tn  respect  of  it.  After  passing  such  resolution,  they  shall  forthwith 
proceed  to  make  a  scheme. 

The  scheme  may  provide  for  the  reconstruction  and  rearrangement 
of  the  streets  and  houses  in  the  area,  and  generally  for  the  opening 
ot/i  of  the  area,  and  Uic  widening  of  apptoaihes  in  order  to  improve 
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the  ventilation.  The  scheme  must  provide  for  proper  sanitary 
arrangements,  and  for  such  dwelling  accommodation  for  the  working 
classes  displaced  as  the  Act  directs.  Due  publicity  must  be  given  to 
the  scheme,  and  notices  must  he  served  on  all  persons  interested. 
Application  is  then  made  by  the  sanitary  authority  to  the  Local 
Government  Board  for  a  provisional  order  confirming  the  scheme. 
A  local  inquiry  is  then  held  by  the  Board,  as  to  the  correctness  of 
the  official  representation  and  as  to  the  sufficiency  of  the  scheme. 
A  provisional  order  may  then  be  made  by  the  Board  authorizing  the 
scheme,  and  this  is  subject  10  confirmation  by  Act  of  Parliament. 

In  London,  representation  may  be  made  to  the  London  County 
Council  by  any  medical  officer  of  health  of  a  district,  as  welt  as  by 
the  county  medical  officer.  The  confirming  body  is  the  Home 
Secretary,  not  the  Local  Government  Board,  and  accommodation 
must  be  provided  in  or  near  the  scheduled  area  for  the  whole  number 
of  the  working  classes  displaced.  The  Home  Secretary,  however,  if 
satisfied  that  there  is  no  necessity  to  rehouse  all  the  working  classes 
on  the  cleared  area,  may  accept  in  substitution  equally  convenient 
accommodation  not  in  or  near  the  area,  and  may  dispense  with  the 
obligation  to  rehouse  to  the  extent  of  one-half  the  number  displaced. 

Both  in  the  country  and  in  London  this  part  of  the  Act  is  practi- 
cally unworkable.  The  cost  is  prohibitive,  and  the  delays  ensuing 
from  the  complexity  of  procedure  often  allow  of  a  lapse  of  many 
years  between  the  condemnation  of  the  area  and  rebuilding  on  the 
cleared  sites. 


Unhealthy  DwtUing  Houses, 

Part  II.  relates  to  individual  unhealthy  dwellings  or  to  small 
groups  of  dwellings.  The  medical  oflicer  of  health,  on  his  own 
initiative,  or  on  the  requisition  of  four  inhabitant  householders, 
makes  an  official  representation  to  his  authority  that  a  dwelling 
house  or  houses  are  in  a  state  so  dangerous  or  injurious  to  health  as 
to  be  unfit  for  human  habitation.  The  authority  may  then  direct 
proceedings  to  be  taken  against  the  owner  before  a  court  of  summary 
jurisdiction  for  the  closure  of  the  houses  so  represented.  The  court, 
on  the  hearing  of  the  summons,  may  make  a  closing  order  for  the 
bouses,  and  may  inflict  a  penalty  upon  the  owner  ot  £io. 

The  owner,  under  this  Act,  of  leasehold  premises,  of  which  less 
than  twenty-one  years  is  unexpired,  is  not  the  lessee,  but  the  ground 
landloid.     Consequently  the  ground  landlord  by  this  Act  is  made 
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responsible  for  the  condition  or  premises  over  which  he  may  have  no 
control  whatever. 

Notice  of  the  closing  order  is  then  served  upon  the  occupying 
tenants  of  the  houses,  with  notice  to  quit.  Defaulting  tenants  who 
do  not  vacate  the  premises  are  liable  to  a  penalty  of  201.  a  day 
during  disobedience;  but  as  stjch  tenants  have  seldom  any  goods  to 
distrain  upon,  and  magistrates  are  reluctant  to  send  them  to  prison, 
it  is  usually  exceedingly  difKcult  to  gLt  rid  of  the  tenants,  who 
continue  10  inhabit  the  premises  until  the  houses  are  pulled  down 
around  them. 

If  nothing  has  been  or  is  being  done  to  render  the  closed  dwellng 
houses  fit  for  human  habitation,  and  it  is  represented  to  the  authority 
that  the  continuance  of  the  buildings  is  dangerous  or  injurious  to  the 
health  of  the  public  or  of  the  inhabitants  of  neighbouring  dwelling 
houses,  the  authority  must  pass  a  resolution  that  it  is  expedient  to 
order  the  demolition  of  the  buildings.  Notice  of  this  must  be  served 
upon  the  owner,  who  is  entitled  to  attend  a  meeting  of  the  authority, 
to  be  held  not  less  than  one  month  after  the  service  of  the  notice,  fi.r 
the  further  consideration  of  the  resolution,  when  he  may  st»t:  his 
objections  to  the  demolition.  At  this  meeting  an  order  must  be  made 
for  the  demolition  of  the  buildings,  unless  the  owner  undertakes  to 
execute  forthwith  the  works  necessary  to  render  the  houses  fit  for 
human  habitation.  If  the  houses  have  not  been  demolished  within 
three  months  of  the  making  of  the  order,  the  local  authority  rniy 
proceed  to  demolish  them  themselves. 

Any  person  aggrieved  by  an  order  of  the  local  authority  under 
this  part  (II.)  of  this  Act  may  appeal  against  the  same  to  a  Court  of 
Quarter  Sessions.  Until  this  appeal  has  been  heard  or  ceases  to 
be  prosecuted,  the  whole  procedure  under  the  Act  has  to  stand  still. 
This  power  of  appeal  by  any  aggrieved  person  practically  makes  the 
Act  unworkable  if  opposition  is  encountered.  The  cost  and  the  delay* 
ensuing  are  prohibitive. 

Under  Part  II.  representation  may  be  made  as  to  "obstructive" 
buildings— that  is  to  say,  buildings  which  stop  or  interfere  with  the 
light  and  air  about  neighbouring  buildings,  or  which  prevent 
measures  being  carried  into  effect  for  remedying  sanitary  evils 
attaching  to  such  buildings.  The  owner  of  the  obstructive  buildings 
is  entitled  to  be  heard  by  the  local  authority  before  an  order  is  made 
for  the  demolition  of  the  buildings.  The  s  te  of  the  buildings  may 
either  be  purchased  under  compulsory  powers  or  by  agreement,  and 
compensation  is  settled  by  arbitration. 
Jmpro\-ement  or  ivconstruction  schemes  may  be  made  luider  thit 
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part  (II,)  of  the  Act— (n)  in  respect  of  unliealihy  dwelling  houses 
for  which  demolition  orders  have  been  made;  (A)  in  the  case  of 
unhealthy  areas  which  are  too  small  to  be  dealt  with  under  Part  I. 
The  improvement  scheme  may  provide  for  the  opening  up  of  ihe 
area,  the  widening  of  streets  and  approaches,  and  the  reconstruction 
and  rearrangement  of  the  buildings,  with  the  erection  of  dwellings 
for  the  working  classes. 

The  procedure  is  then  very  much  the  same  as  under  Part  I. — the 
application  to  the  Local  Government  Board  for  a  provisional  order, 
the  holding  a  local  inquiry,  and  the  making  of  a  provisional  order. 
This  order  requires  no  confirmation  if  the  area  is  purchased  by 
agreement.  If  the  land  is  lo  be  acquired  by  compulsory  purchase, 
the  order  must  be  published  and  notice  served  upon  the  owners.  If 
within  two  months  after  publication  there  is  no  petition  by  the  owners, 
the  order  may  be  confirmed  by  the  Board  ;  but  if  there  is  a  petition, 
the  order  is  not  valid  until  confirmed  by  Act  of  Parliament. 

In  London  it  has  been  customary  for  lengthy  disputes  lo  take 
place  between  the  local  district  authorities  and  the  London  County 
Council  as  to  whether  schemes  of  improvement  of  unhealthy  areas 
should  be  under  Part  I.  or  Part  II.  of  the  Act.  In  the  former  case 
the  cost  is  borne  by  all  ratepayers  of  London  as  a  Metropolitan 
improvement,  whilst  in  the  latter  the  greater  portion  of  the  cost 
becomes  a  local  debt.  In  the  event  of  the  representation  relating  to 
only  ten  houses,  it  must  be  made  under  Part  U.  In  case  of  dispute 
the  Home  Secretary  has  power  to  appoint  an  arbitrator  to  decide  as 
to  whether  the  scheme  is  to  be  under  Part  I.  or  under  Part  II.  In  the 
Utter  event  the  County  Council  may  be  required  to  contribute  to 
the  expenses  of  the  scheme.  In  consequence  of  these  disputes,  the 
great  cost,  and  the  complexity  of  procedure  and  resulting  delays,  the 
Act  has  been  practically  a  fa'lure. 


Working  Class  Lodging  Ilousts. 

Part  III.  of  the  Act  relates  to  the  provision  of  working  class 
dwellings.  This  part  of  the  Act  is  now  entrusted  to  the  new 
municipal  boroughs  in  London.  Prior  to  November,  igoo,  the 
London  County  Council  was  the  authority.  In  other  urban  sanitary 
districts  Part  HI.  may  be  adopted  with  the  sanction  of  the  Local 
Government  Board;  in  rural  sanitary  distiicts,  it  may  be  adopted 
after  inquiry  by  the  County  Council  as  to  the  necessity  of  providing 
working  class  accommodation  by  paroch'al  mea 
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Land  may  be  acquired  by  a  local  authority  either  by  agreement 
or  by  compulsory  purchase,  as  provided  by  sections  175  to  178  of 
the  Public  Health  Act,  1875.  On  this  land,  buildings  suitable  for 
lodging  hou!ics  for  the  working  classes  may  be  erected,  fitted,  and 
furnished.  The  local  authority  may  purchase  or  lease  lodging  houses 
already  erected  or  to  be  built. 

The  general  management,  regulation,  and  control  of  the  lodging 
hotiscs  vests  in  the  local  authority,  who  may  make  bylaws  for  this 
purpose.  Any  tenant  in  receipt  of  poor  law  relief  is  disqualified 
from  remaining  a  tenant,  except  in  case  of  accident  or  temporary 
illness. 

The  Housing  Act  also  contains  the  following  important  provision  : 
"  In  any  contract  for  letting  for  habitation  by  persons  of  the  working 
classes  a  house  or  part  of  a  house,  there  shall  be  implied  a  condition 
that  the  house  is  at  the  commencement  of  the  holding  in  all  respects 
reasonably  fit  for  human  habitation."  This  section  applies  to  houses 
let  at  a  rental  at  which  the  rates  may  be  compounded  for — namely, 
;f  20  per  annum  in  London,  and  ;^io  in  the  provinces. 

By  the  Housing  of  the  Working  Classes  Act,  1900,  local  authorities 
are  now  empowered  to  acquire  land  outside  their  own  districts  for  the 
purpose  of  electing  lodging  houses  for  the  working  classes. 
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Customs  and  Inland  Revbnub  Act,  1890. 

Section  26  (2)  provides  that  the  assessment  under  the  inhabited 
bouK  duty  of  any  house  origmally  built  or  adapted  by  additions  or 
alterations,  and  used  for  the  sole  purpose  of  providing  separate 
dwellings  at  rents  not  exceeding  7s.  6d.  per  week,  shall  be  dis- 
charged by  the  Commissioners,  provided  that  a  certificate  of  the 
Medical  Officer  of  Health  of  the  District  in  which  the  house  U 
situate  shall  be  produced  to  them  to  the  effect  that  the  house  is  10 
constructed  as  to  afford  suitable  accommodation  for  each  of  the 
iamilies  or  persons  inhabiting  it,  and  that  due  provision  is  made  for 
their  sanitary  requirements.  The  Medical  Officer  of  Health  is  re- 
quired to  examine  any  such  house  in  his  district  on  the  request  of 
the  person  liable  to  pay  the  house  duty,  and  if  the  certificate  can  be 
properly  given,  he  shall  certify  the  same  accordingly. 

Offensivk    Trades. 

The  offensive  trades  enumerated   in  the   Public  Health  Act,  1875 

/fcclion    112),  are  those  of  a   blood   boiler,  bone  boiler,  fcllmonger, 

soap  boUer,  uUlow  aieJtcr,  and  Uipe  boiler.    The  model  by-laws   ot 
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the  Local  Government  Board,  in  addition  to  the  above,  also  relate 
to  the  trades  of  a  leather  dresser,  tanner,  fat  melter  or  extractor, 
glue  maker,  size  maker,  blood  drier,  and  gut  scraper.  Section  ii2 
prohibits  any  person  from  establishing  anew  within  the  district  of 
an  urban  sanitary  authority,  without  their  consent  in  writing,  any 
offensive  trade.  There  is  a  £^0  penalty,  and  a  continuing  penalty 
of  40J.  a  day.  Urban  authorities  may  make  by-laws  with  regard  to 
these  trades. 

On  the  certificate  of  their  medical  officer  of  health,  or  of  two 
medical  practitioners,  or  of  any  ten  inhabitants  of  the  district,  that 
a  trade  process  is  causing  effluvia  which  are  a  nuisance  or  injurious 
to  health,  magisterial  proceedings  must  be  taken  by  the  urban 
sanitary  authority  against  the  defaulters  for  the  recovery  of  penalties. 
Similar  proceedings  may  be  taken  in  respect  of  a  nuisance  arising 
from  an  offensive  trade,  carried  on  outside  the  district,  in  a  court 
having  jurisdiction  in  the  place  where  the  offensive  trade  is  situate. 

The  by-laws  of  the  Local  Oovernmcnt  Board,  which  form  the 
model  for  the  by-laws  that  may  be  made  by  urban  authorities, 
contain  provisions  for  securing — (i)  The  storage  of  offensive  materials 
in  airtight  receptacles,  so  as  to  prevent  escape  of  effluvia  ;  (2)  the 
passage  of  offensive  vapours  arising  during  processes  of  melting, 
boiling,  &c.,  from  the  pans,  either  through  the  furnace  or  through 
condensers  and  thence  through  the  furnace,  so  as  to  deprive  them 
of  all  noxious  properties;  (3)  the  maintenance  of  efficient  drainage 
on  the  premises,  and  the  cooling  of  hot  liquids  before  discharge  into 
the  drains;  (4)  the  maintenance  of  the  floors  in  good  condition,  and 
their  daily  cleansing,  also  tlic  daily  removal  of  alt  sweepings  and 
refuse  in  covered  receptacles ;  (5)  the  maintenance  of  walls  in  good 
order,  their  periodical  scraping  to  remove  any  adherent  filth,  and 
their  limewashing  twice  a  year;  (6)  the  cleansing  of  all  utensils  and 
vessels  when  not  in  use;  (7)  facilities  for  inspection  by  the  sanitary 
authority's  officers. 

Under  the  Public  Health  (London)  Act,  1891,  the  County  Council 
is  the  authority  for  regulating  offensive  trades,  making  by-laws,  and 
taking  proceedings.  The  business  of  a  soap  boiler  may  be  carried 
on  provided  that  no  animal  oils  or  fats,  other  than  olein,  are  used 
in  the  manufacture.  The  fine  for  establishing  anew  in  London  the 
trade  of  blood  boiler,  bone  boiler,  manure  manufacturer,  soap  boiler, 
tallow  melter,  or  knacker,  is  .^50,  with  a  daily  continuing  penalty  of 
£50.  These  businesses  are  absolutely  prohibited  from  being  started. 
With  the  consent  of  the  London  County  Council,  a  fellmonger's,  tripe 
boiler's,  or  horse  slaughterer's  business  may  be  newly  established. 
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Unsound  Food. 
Public  Health  Act,  1875  (Sections  116119). 


^B  Any  medical  officer  of  health  or  inspector  of  nuisances  may  at  all 
^M  leasonable  times  inspect  any  food  exposed  for  sale,  or  deposited  in 
^F  any  place  for  the  purpose  of  sale,  or  of  preparation  for  sale,  and  in- 
tended for  the  food  of  man,  the  proof  that  the  same  was  not  exposed 
or  deposited  for  any  such  purpose,  or  was  not  intended  for  the  food 
of  man,  resting  with  the  party  ch.irged.  If  such  fooJ  appears  to  be 
diseased,  or  unsound,  or  unwholesome,  or  unfit  for  the  food  of  man, 
the   officer   may  (ei;:e   it,  and   convey  it   to  a  magistrate,  who,  if 

■  satisfied,  condemns  the  same,  and  orders  it  to  be  destroyed.  The 
person  from  whom  the  seizure  is  made  may  then  be  proceeded 
against  by  summons  to  a  court  of  summary  jurisdiction,  and  is  liable 
to  a  fine  of  ;^2o  for  every  piece  of  food  seized,  or  to  imprisonment 
for  thrie  months.  There  is  a  £i  penalty  for  obstructing  or  impeding 
the  sanitary  authority's  officer  in  the  execution  of  h-s  duty.  In  the 
event  of  permission  being  refused  to  enter  any  premises  for  the 
purpose  of  discoveting  if  any  unsound  food  is  concealed  therein,  a 
complaint  on  oath  must  be  mads  to  a  justice,  who  can  grant  a  search 
warrant.  There  is  a  penally  of  ;{[20  for  obstructing  an  officer  who  is 
armed  with  a  search  warrant. 
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Public  Health  {Loiidan)  Act,  1891. 

Similar  provisions  exist  in  London.  In  addition,  proceedings  may 
be  taken  against  the  vendor  of  unsound  food  to  a  private  individual, 
if  it  can  be  shown  that  at  the  time  of  purchase  the  food  was  in  such  a 
condition  as  to  be  liable  to  be  seized  and  condemned. 


Horseflesh. 

By  the  Sale  of  Horseflesh  Regulation  Act,  1889,  which  applies  to 
he  wl'.ole  United  Kingdom,  the  llcsh  of  horses,  asses,  or  mules  must 
not  be  sold  or  kept  for  sale  for  human  food  except  in  a  shop  or  stall, 
over  which  is  an  announcement,  in  legible  characters  4  inches  long, 
that  horseflesh  is  sold  there;  nor  may  horseflesh  be  sold  to  any 
purchaser  asking  for  other  meat. 


Canal  Boats, 

t/ader  the  Canal  Boats  Acts  of  1877  and  1884,  every  canal  boat 
■■/  aa  a  dwelling  mutt  be  registered  with  the  local  authority  as  ^ 


SANITARY   LAW  AND   ADMINISTRATION. 

dwelling  for  a  certain  number  or  persons  of  specified  age  and  sex, 
by  whom  alone  is  it  to  be  occupied.  The  registration  authorities 
are  one  or  more  of  the  sanitary  authorities  abutting  on  (he  canal 
on  which  the  canal  boat  plies,  as  may  be  prescribed  by  the  Local 
Government  Board.  Every  canal  boat  when  registered  must  be 
lettered,  marked  as  "  registered,"  and  numbered  in  a  conspicuous 
manner,  and  must  show  the  name  of  the  place  to  which  as  registered 
she  belongs.  On  the  appearance  of  infectious  disease  on  board  a 
canal  boat,  the  boat  may  be  detained  to  be  cleansed  and  disinfected 
after  removal  of  the  case  to  hospital. 

The  Local  Government  Board  is  empowered  to  make  regulations 
for  canal  boats,  which  the  local  authorities  are  required  to  enforce. 
These  regulations  provide  that — There  must  be  at  least  one  dry  and 
clean  cabin.  An  after  cabin  must  contain  not  less  than  iSu  cubic 
feet  of  free  air  space,  and  a  fore  cabin  80  cubic  feet.  There  must  be 
ventilation  and  sleeping  accommodation.  One  cabin  must  contain  a 
stove  and  chimney.  There  must  be  storage  for  3  gallons  of  water. 
I(  the  boat  cariics  foul  cargoes,  the  hold  must  be  separated  from  an 
inhabited  cabin  by  a  double  bulkhead,  with  an  interspace  of  4  inches, 
the  bulkhead  next  the  cargo  being  water-tight ;  the  space  must  be 
open  throughout  to  the  external  air  and  provided  with  a  pump  for 
the  removal  of  any  liquid  from  such  space.  There  must  be  60  cubic 
feet  of  air  space  per  head  for  persons  over  twelve  years,  and  40  cubic 
feet  for  children  under  twelve.  No  boy  above  fourteen  or  girl  above 
twelve  may  sleep  in  a  cabin  occupied  by  a  married  couple ;  and 
males  over  fourteen  and  females  over  twelve  must  not  sleep  in  the 
same  cabin  unless  married.  The  interior  of  the  cabin  must  be 
repainted  every  three  years,  and  kept  clean.  Bilge  water  must 
be  pumped  out  dally.  The  master  of  the  boat  must  notify  the 
occurrence  of  infectious  disease  to  the  sanitary  authority  of  the 
district  he  may  be  in;  and  if  his  boat  is  detained  fur  disinfection, 
he  may  not  proceed  until  he  has  obtained  a  medical  certificate  of 
cleansing  and  disinfection. 


M0VA3LE  Dwellings. 


Under  the  Public  Health  Act,  1875  (section  314)  local  authorities 
are  given  power  to  make  bylaws  for  securing  the  decent  lodging  and 
accommodation  of  hop  pickers  within  their  district.  By  the  Public 
Health  (Fruit  Pickers'  Lodgings)  Act,  1S82,  such  by-laws  may  be 
made  applicable  to  persons  engaged  in  fruit  and  vegetable  picking. 
The  Local  Government  Board  |ias  framed  model  by-laws  suitable 
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for  tents,  sheds,  barns,  vans,  and  other  places  occupied  as  temporary 
dwellings.  Under  tliese  by-laws  the  habitations  must  be  clean,  dry, 
weather  proof,  lighted,  and  ventilated.  Sixteen  square  feet  of  floor 
space  must  be  allowed  for  each  adult,  and  for  every  two  children 
under  ten  years.  There  must  be  arrangements  of  screens  for  privacy 
where  different  sexes  are  accommodated.  Cooking  places,  adequate 
water  supply,  and  privy  accommodation  must  be  provided.  There 
must  be  a  sufficient  supply  of  dry,  clean  straw,  or  other  bedding. 
The  premises  must  be  kept  in  a  cleanly  condition  at  all  times,  and 
limewashed  once  a  year. 

Sections  g  and  lo  of  the  Housing  of  the  Working  Classes  Act,  1885, 
are  not  repealed,  and  give  local  authorities  power  to  deal  with 
movable  or  temporary' dwellings  in  their  districts.as  regards  nuisances, 
overcrowding,  &c.,  with  right  of  entry  of  officers,  as  if  they  were 
bouses  within  the  district. 


Factories  and  Workshops. 

Generally  speaking,  factories  are  places  where  mechanical  power 
ii  used — that  is  to  say,  where  engines  are  employed  worked  by 
(team,  gas,  waier,  or  electricity.  The<e  are  under  the  control  of  the 
Secretan,- of  Slate  for  the  Home  Department,  and  are  inspected  by 
factory  inspectors  appointed  by  him. 

Workshops  are  places  where  mechanical  power  is  not  used,  and, 
so  far  as  regards  sanitation,  are  supervised  by  oflicers  of  the  local 
sanitary  authorities.  There  are,  however,  a  large  number  of  non- 
textile  factories  which  are  controlled  by  the  Home  Secretary 
whether  mechanical  power  is  employed  in  ihem  or  not.  These  are 
blast  furnaces,  copper  mills,  iron  mills,  foundries,  manufactories  of 
earthenware,  lucifer  matches,  percussion  caps,  cartridges,  tobacco, 
paper,  glass,  print  works,  fustian  cutting,  printing,  bookbinding,  and 
flax  scutch  mills. 

Public  Health  Act,  1873. 
Section  91  defines  as  a  nuisance  any  factory,  workshop,  or  work- 
place—not already  under  the  operation  of  any  general  Act  (Factory 
and  Workshops  Acts,  1878.  1883,  i8gi,  and  1895)*  for  the  regulation 
of  factories  or  bakehouses — not  kept  in  a  cleanly  state,  or  not  venti- 
lated in  such  a  manner  as  to  render  harmless,  as  far  as  practicable, 
''V^ases,  vapours,  dust,  or  other  impurities  generated  in  the  course 

•  Now  repealed  by  the  Act  of  1901. 
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of  the  work  carried  on  therein  that  are  a  nuisance  or  injurious  to 
health,  or  so  overcrowded  while  work  is  carried  on  as  to  be  dangerous 
or  injurious  to  the  health  of  those  employed  therein. 

By  section  38  local  authorities  may  require  in  factories  or  work- 
fhr>p8  a  sufficient  number  of  water-closets,  earth-closets,  or  privies 
and  ashpits,  for  the  separate  use  of  each  sex. 

Private  houses  which  are  workplaces,  and  in  which  no  mechanical 
power  is  used,  and  in  which  the  workers  are  members  of  the  same 
family  inhabiting  the  house,  are  exempt. 

Similar  provisions  are  in  force  in  the  Metropolis 


Factory  and  Workshop  Act,  1901. 

This  Act  repeals  the  Factory  and  Workshop  Acts  of  1878  and 
1883.  It  also  repeals  the  Act  of  1891  except  sections  8,  g,  10,  and 
12,  and  the  first  schedule,  and  the  Act  of  1895  except  section  12, 
sub-section  3  ol  section  24,  and  flection  28. 

The  Act  is  divided  into  Parts.  Part  I.  deals  vviih  health,  safety, 
and  accidents.  Part  II.  deals  with  employment  (hours,  holidays, 
overtime,  night  woik,  fitness  for  employment,  &c.) ;  Part  HI.  with 
the  education  of  children  ;  Part  IV.  wiih  dangerous  and  unhealthy 
trades ;  Part  V.  with  tenement  factories,  cotton  cloth  and  otfler 
humid  factories,  bakehouses  and  laundries ;  Part  VI.  with  home 
work;  Part  VII.  with  work  and  wages;  Part  VIII,  with  adminis- 
tration ;  Part  IX,  with  legal  proceedings ;  and  Part  X.  is  supple- 
mentary. 

Every  factory  as  defined  by  the  Act,  except  a  dome.itic  factory, 
(n)  must  be  kept  in  a  cleanlystate;  (2j)  must  be  kept  free  from  effluvia 
arising  from  any  drain,  water-closet,  earth-closet,  privy,  urinal,  or 
other  nuisance;  {cf  must  not  be  so  overcrowded  while  work  is  car- 
ried on  therein  as  to  be  dangerous  or  injurious  to  the  health  of  the 
persons  employed  therein  ;  (if)  must  be  ventilated  in  such  a  manner 
as  to  render  harmless,  to  far  as  is  practicable,  all  the  gases,  vapourF, 
dust,  or  other  impurities  generated  in  the  cour&e  of  the  manufaclar- 
ing  process  or  handicraft  carried  on  therein,  that  miy  be  injurious  to 
he.iUh.  All  the  walls  and  ceilings  of  rooms,  passages,  and  staircases 
in  a  factory  must  be  limewashed  every  14  months,  but  painted  or 
varnished  surfaces  may  at  similar  intervals  be  washed  instead  with 
hot  water  and  soap,  if  the  paint  or  varnish  is  renewed  every  7  years. 

Workshops  and  workplaces  must  be  kept  in  a  cleanly  state  and 
ventilated,  and  must  not  be  overcrowded,  and  they  must  be  kept 
free   from    drain,   Stc,  effluvia.      A    medical    officer    of   health   or 
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I  inspector  of  nuisances  may  certify  that  the  cleansing  of  a  workshop 
is  necessar)'  for  the  health  of  the  workers,  and  the  sanitary  authority 
must  then  give  notice  to  the  owner  or  occupier  to  carry  out  the 
necessary  works. 

A  factory  or  workshop  is  overcrowded  if  there  is  less  than  25a 
cubic  feet  of  space  per  head,  and  less  than  400  cubic  feet  if  overtime 

tis  being  worked.  A  notice  must  be  fixed  in  every  factory  and  work- 
shop specifying  the  number  of  persons  who  may  be  employed  in  each 
room.  The  Secretary  of  State  may  supersede  the  local  sanitary 
authority,  if  default  has  been  made  by  the  latter  in  carrying  out  any 
of  the  provisions  of  the  Act,  which  it  is  its  duty  to  enforce,  and  may 
recover  from  the  authority  all  expenses  so  incurred.  If  a  factory 
inspector  deems  that  there  is  any  act  or  default  or  neglect  in  relation 
to  the  sanitary  arrangements  of  a  factory  or  workshop  remediable 
under  the  Public  Heatth  Act,  he  must  give  notice  of  the  same  to  the 
sanitary  authority  of  the  district.  It  then  becomes  the  duty  of  the 
sanitary  authority  to  make  such  inijuiry,  and  to  take  such  action, 
within  one  month  of  the  receipt  of  the  notice,  as  may  be  necessary 
to  enforce  the  law,  and  also  to  inform  the  factory  inspector  of  the 
proceedings  taken.  In  case  of  default  by  the  sanitary  authority,  the 
facjory  inspector  may  himself  take  the  necessary  proceedings,  and 
recover  the  expenses  so  incurred  from  the  sanitary  authority. 

In  every  factory  and  workshop  adequate  measures  must  be  taken 
for  securing  and  maintaining  a  reasonable  temperature  in  each  room 
in  which  any  person  is  employed,  but  the  measures  so  taken  must 
not  interfere  with  the  purity  of  the  air  of  the  room.  By  special  order 
of  the  Secretary  of  State,  thermometers  may  be  required  to  be  pro- 

Ivided,  and  maintained  in  working  order,  in  such  places  as  may  be 
specified  in  the  order.  In  every  room  in  any  factory  or  workshop 
sufiicient  means  of  ventilation  must  be  provided,  and  sufKcient  venti- 
lation must  be  maintained.  A  standard  of  sufhcient  ventilation  may 
be  prescribed  for  any  class  of  factories  or  workshops  by  the  Secretary 

I    of  Stale.     A  workshop  which  is  not  ventilated  in  accordance  with 
this  section  is  deemed  a  nuisance  under  the  Public  Health  Act. 
Factories  or  workshops  in  which  the  floors  are  wet  must  be  pro' 
vided   with   means  of  drainage.     Workshops   with   undraincd   wet 
floors  are  a  nuisance  under  the  Public  Health  Act. 
F.vcry  factory  and  workshop  must  be  provided  with  sufTicient  and 
suitable  sanitary  conveniences  for  the  workers,  and  with  separate 
accommodation,  where  both  sexes  are  employed.    The  Secretary  of 
Slate  hy  «/iecial  order  may  determine  what  is  sufficient  and  suiiabti 
accommodation. 
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Factories  and  workshops  in  which  iherc  is  an  infrinRcment  of  the 
above  mentioned  provisions  are  deemed  not  to  be  kept  in  conformity 
with  the  Act,  and  the  occupier  is  li;iblc  to  a  £in  fine. 

The  Secretary  of  State  has  power  by  special  order  to  modify  many 
of  the  above  mentioned  provisions,  where  he  deems  it  necessary. 

Every  local  authority  is  required  to  keep  a  register  of  the  work- 
shops within  its  district,  and  the  factory  inspector  is  required  to 
forward  lo  a  local  authority  any  notice  received  by  him  of  the  com- 
mencement of  any  workshop  wiihin  the  district  of  such  authority. 

The  medical  officer  of  he.ilth  of  every  district  council  and  metro- 
politan borough  must,  in  his  annual  report,  report  specifically  on  the 
adminisiiatton  of  the  Act  in  workshops  and  workplaces,  and  send  a 
copy  of  such  report  lo  the  Secretary  «>f  State. 

The  Act  applies  lo  the  metropolis  as  well  as  to  England  generally, 
and  came  into  operation  on  January  i,  1902. 


L 


DANr,ERoi;s  and  Unhealthy  Industries. 

By  the  Act  of  igot  every  medical  practitioner  attending  on,  or 
called  in  to  visit  a  patient  whom  he  believes  to  be  suffering  from 
lead,  phosphorus,  arsenical  or  mercurial  poisoning,  or  anthrax,  con- 
tracted in  any  factory  or  workshop,  must  send  10  the  Chief  Inspector 
of  Kacloiies  in  London,  a  notice  staling  the  name,  address  of  the 
patient,  and  disease  from  which  he  is  suffering. 

In  any  factory  or  workshop  where  grinding,  glazing,  or  polishing 
on  a  wheel,  or  any  process  is  carried  on,  by  which  dust  or  impurities 
are  generated  and  inhaled  by  the  workers  10  an  injurious  extent,  the 
factory  inspector  may  require  the  use  of  fans  or  ullier  mechanical 
means  to  prevent  such  inhalation. 

In  every  factory  or  workshop  where  lead,  arsenic,  or  other  poison- 
ous substance  is  used,  suitable  washing  conveniences  must  be  pro- 
vided for  the  use  of  the  workers,  and  the  latter  must  not  be  allowed 
lo  take  their  meals,  or  to  remain  dpring  meal  times,  in  any  room 
where  such  substances  are  used. 

The  following  industries  have  been  scheduled  by  the  Secretary  of 
State  as  dangerous  to  life  and  health.  The  manufacture  of  white 
lead,  paints,  and  colours  ;  the  extraction  of  arsenic  ;  the  enamelling 
of  iron  plates ;  ihe  manufacture  of  lucifer  matches,  except  such  as 
are  made  with  red  or  amorphous  phosphorus ;  the  manufacture  of 
earthenware;  the  manufacture  of  explosives  in  which  di-nitro-benzole 
U  used ;   chemical  works ;  quanies ;   the  making  ol  red,  orange,  or 
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yellow  lead;  lead  smelting;   \inning  or  enamelling  of  iron  hollow 
ware  ;  electric  accumulator  wotks  ;  fisx  mills  and  linen  factories, 

Power  is  given  to  the  Secretary  of  State  to  make  regulations  in 
respect  of  any  dangerous  or  unhealthy  trade,  such  regulations  re- 
quiiing  the  adoption  of  special  precautionary  measures  as  regards 
cleanliness,  ventilation,  extraction  of  dust,  &c. 


» 


CoTTOhs  Cloth  and  other  Humid  Factories. 

The  amount  of  moisture  that  is  permissible  in  these  factories  is 
regulated  by  the  ^th  schedule  of  the  Act  of  iQor,  which  states  the 
maximum  humidity  permissible  at  temperatures  (dry  bulb)  ranging 
from  35"  F.  to  100'  F.  The  Act  also  requires  dry  and  wet  bulb 
thermometers  to  be  provided  and  maintained  in  all  factories  where 
artificial  humidity  is  produced,  and  the  readings  of  such  thermo- 
meters to  be  recorded  three  times  a  day.  In  such  factories  the 
arrangements  for  ventilation  shall  be  such  that  during  working  hours 
the  CO,  in  the  air  of  any  part  of  the  factory  must  not  exceed  g  parts 
per  10,000  of  air ;  nor  must  the  temperature  of  any  room  in  the 
factory  be  raised  by  artificial  means  above  70°  F.,  except  in  to  far  as 
may  be  necessary  in  the  process  of  giving  artificial  humidity  to  the 
atmosphere. 

Outworkers. 


In  certain  special  iad.stries  specified  by  order  of  the  Secretary  of 
State,  the  occupiers  of  factories  and  workshops,  and  contractots 
employed  by  them,  are  required  lo  keep  lists  of  outworkers,  I'.c, 
persons  who  do  work  for  their  employers  outside  the  factory  or 
workshop,  and  generally  in  their  own  homes.  Copies  of  these  lists 
must  be  sent  twice  a  year  to  the  sanitary  authority  of  the  district  in 
which  the  factory  or  workshop  is  situate.  These  lists  must  be 
examined  by  the  sanitary  authority,  and  the  names  and  addresses  of 

»  outworkers  not  residing  in  the  district  of  the  sanitary  authority, 
must  be  sent  to  the  sanitary  authority  of  the  district  in  which  they 
do  reside.  These  lists  of  outworkers  kept  by  the  occupier  or  con- 
tractor must  be  open  to  inspection  by  any  factory  inspector  or  officer 
of  the  sanitary  authority.  A  sanitary  authority  may  give  notice  lo 
the  occupier  or  contractor  that  the  place  where  work  is  carried  on  by 
.7/7  ouin-oiVci  IS  injurious  or  dangerous  to  the  health  of  the  persons 
emp/of-eJ  therein.      The  occupier  or  contiaclot  must  then  cease, 
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witliin  one  month  of  the  notice,  to  give  out  work  to  be  done  in  that 
place.  No  wearing  apparel  may  knowingly  be  given  out  by  any 
occupier  or  contractor,  to  be  made,  cleaned,  or  repaired,  by  an  out- 
worker who  lives  in  a  house  where  there  is  a  case  of  smallpox  or 
scarlet  Tever.  The  sanitary  authority  may  make  an  order  lorbiddinf; 
any  work  to  be  given  to  an  outworker  residing  in  a  house,  of  which 
any  inmate  is  suffering  from  a  notifiable  infectious  disease.  Thi» 
applies  chiefly  to  the  making,  mending,  cleaning,  &c.,  of  wearing 
apparel. 

Puniatic  morhshops  are  private  houses  or  rooir.g,  which  are  used 
also  as  dwellings,  and  in  whith  the  only  persons  employed  are 
members  of  the  same  family  dwelling  there.  They  are  exempt  from 
the  great  majority  of  the  provisions  of  the  Factory  and  Workshop 
Act,  1901, 


I3akehoi;ses. 

The  law  as  regards  retail  bakehouses  is  administered  by  the  sani- 
tary authorities.  A  retail  bakehouse  is  a  pl.ice  in  which  bread  is 
baked,  and  is  sold  by  retail  in  a  shop  occupied  with  the  bakehouse. 
The  olViccrs  of  a  sanitary  autlitirity  have  right  of  access  to  a  retail 
bakehouse  at  any  hour  of  the  day  or  night.  All  the  walls  and  ceil- 
ings of  a  bakehouse,  and  all  passages  and  staircases,  must  be  lime- 
washed  twice  a  year,  or  if  painted  must  be  repainted  every  7  years, 
and  washed  with  soap  and  hot  water  every  6  months.  No  room  on 
the  fame  floor  may  be  occupied  as  a  sleeping  room,  unless  com- 
pletely separated  by  a  partition  from  the  bakehouse,  and  provided 
with  a  window  at  least  nine  square  ftct  in  area,  half  of  which  is 
made  to  open.  No  water  closet  or  privy  is  to  be  within  the  bake- 
house, or  to  coinnuinic.ite  directly  with  it.  The  cistern  supplying 
water  to  a  bakehouse  must  not  supply  a  water-closet.  No  soil  drain 
or  drain  inlet  to  a  soil  drain  may  be  within  the  bakehouse.  An 
underground  bakehouse  shall  not  be  used  unless  it  was  in  use  at  the 
passing  of  the  Act  of  igui.  An  imderground  bakehouse  is  one  of 
which  the  Roor  surface  is  more  than  three  feel  below  the  footway  of 
the  adjoining  street  or  ground  adjoining.  After  the  ist  January 
1904,  an  underground  bakehouse  shall  not  be  used  unless  certified  by 
the  sanitary  authority  to  be  suitable  for  the  purpose.  No  certificate 
may  be  given  unless  the  sanitiiry  authority  is  satisfied  that  the  bake- 
huuse  is  suitable  as  regards  construction,  liglil,  ventilation,  itc.  In 
London  no  underground  bakehouse  can  be  used  unless  so  used  prior 
to  January  i,  1896, 


Laundries. 


I  Laundries  in  which  sicani,  water,  or  other  mechanical  power  is 
used  in  aid  of  thu  laundry  process  arc  factories.  All  other  laundries 
Bfc.workshops.  The  provisions  of  the  Act  of  igoi  apply  to  laundries 
carried  on  by  way  of  trade,  or  for  purposes  of  gain.  The  exemptions 
are  laundries  worked  hy  the  inmates  of  prisons,  reformatories,  indus- 
trial schools,  or  institutions  conducted  in  good  faith  for  religious  or 
charitiilite  purposes,  or  worked  by  members  of  the  same  f.imily  dwcl. 
ling  in  the  laundry,  in  which  not  mote  than  two  persons  dwelling 
elsewhere  arc  employed. 

In  steam  laundries  (faclorici),  fans  or  other  means  must  be  pro- 
vided and  used  for  rcgulatin;;  the  iciupetaturc  in  every  ironing  room, 
■  and  for  carrying  away  the  !>l(;am  in  every  washhouse.  All  stoves  for 
beating  irons  must  he  sufficiently  separated  frnm  any  iioning  room, 
and  gas  irons  emitting  noxious  fumes  must  not  be  used.  The  floors 
must  be  kept  in  good  condition  and  drained  so  as  to  allow  water  to 

tflow  off  freely. 
A  medical  ofHcer  of  health  who  becomes  aware   that  any  child 
under  i.|,  young  person  between    i.)   and    i8,  or  woman  over  iK,  is 
employed  in  a  workshop  or  bakehouse,  must  give  written  notice  of 
the  fact  to  the  Eiclory  inspector. 


Alkali,  Chkmicai.,  and  other  Works. 


I 


Alkali  work.t  are  those  in  which  muriatic  gas  (IICI)  is  evolved. 
'The  other  works  which  are  subject  to  the  Alkali,  &c..  Works 
Regulation  Acts,  1881  and  iS<92,  include  sulphuric  acid,  chemical 
manure,  gas  liquor,  nitric  acid,  ammonia,  chlnrme,  arsenic,  muriatic 
acid,  nitrate  and  chloride  of  iron,  tar,  and  /inc  works;  also  the 
folli'wini;,  unless  no  H^S  is  evolved,  namely,  alkali  waste,  barium, 
strontium,  antimony  sulphide,  and  bisulphide  of  carbon  works. 

All  these  works  must  be  registered  by  the  Local  (iovernmcnt 
Board.  In  alkali  works  93  per  cent,  of  the  HCI  gas  evolved  must 
be  condensed,  and  not  more  than  f;  grain  of  IICI  gas  per  cubic  fool 
of  air,  smoke,  or  chimney  gases  must  escape  from  the  works. 
Sulphurous  acid  and  nitrous  gases  must  not  be  present  in  escaping 
air  or  smoke  to  a  greater  amount  than  the  equivalent  of  4  grains  of 
SO,  per  cubic  foot,  at  a  temperature  of  Oo"  F.,  and  at  jo  inches 
I  Aammeiric  pressure.     Acid  drainage  must  not   be  allowed  to  mix 
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with  alkali  waste  so  as  to  cause  a  nuisance,  and  means  must  be 
taken  to  pievent  nuisance  from  alkali  waste.  Similar  regulations 
apply  to  the  sulphuric  ackl  and  other  works  enumerated  above  ; 
and  in  all  cases  the  best  available  means  must  be  adopted  to  prevent 
the  escape  of  noxious  gases  and  to  render  them  harmless  and 
inoflengive. 


Adolteration  ok  Food  and  Drugs. 

There  are  three  Acts  now  in  force  relating  to  this  subject,  namely, 
the  Sale  of  Food  and  Drugs  Act,  1875 ;  the  Sale  of  Food  and  Drugs 
Act  Amendment  Act,  1879;  and  the  Sale  of  Food  and  Drugs  Act, 
1899. 

F'or  the  purposes  of  these  Acts,  the  term  "  food  "  includes  every 
article  u.sed  for  food  or  drink  by  man,  other  than  drugs  or  water, 
and  any  article  which  ordinarily  enters  Into  or  Is  used  In  the  com- 
position or  preparation  of  human  food,  and  also  Incluiles  flavouring 
matters  and  condiments.  The  term  "  drug  "  includes  medicines  for 
internal  or  external  use. 

These  Acts  prohibit:  (i)  The  mixing,  colouring,  staining,  or 
powdering  any  article  of  food  with  any  Ingredient  or  material  so  as 
to  render  the  article  injurious  to  health,  with  the  intent  that  the 
same  may  be  sold  in  that  state ;  and  no  article  so  mixed  may  be 
sold  ;  penalty  for  contravention,  ^50  (section  3,  1875  Act).  (2)  The 
mixing,  colouring,  staining,  or  powdering  any  drug  with  any  ingredi- 
ent or  material  so  as  to  affect  injuriously  the  (]uality  or  potency  of 
such  drug  ;  and  no  drug  so  mixed  may  be  sold  ;  penalty,  ^50:  pro- 
vided that  no  person  shall  be  liable  Co  be  convicted  if  he  proves  that 
he  was  unaware  at  the  time  of  sale  of  the  food  or  drug  that  these 
were  so  mixed  or  coloured  (section  4,  1875  Act).  (3)  The  sale,  to  the 
prejudice  of  the  purchaser,  of  any  article  of  food  or  any  drug  which 
is  not  of  the  nature,  substance,  and  quality  of  the  article  demanded 
by  such  purchaser;  penalty,  £^20.  Where  any  matter  has  been 
added  to  the  food  or  drug,  there  is  no  offence  If  the  same  has  not 
been  fraudulently  used,  but  is  required  for  preparing  the  food  or 
drug  as  an  article  of  commerce  ;  neither  does  this  section  apply  to 
proprietary  or  patented  medicines  or  foods  (section  6,  1875  Act). 
Under  this  section  a  great  majority  of  the  prosecutions  for  adultera- 
tion arc  instituted.  By  the  1879  Act  It  is  provided  that  it  shall  be 
no  defence  to  a  prosecution  thai  the  purchaser,  having  l>ought  only 
for  analysis,  was  not  prejudiced  by  the  sale;  neither  is  it  a  valid 
defence  to  prove  that  the  food  or  drug  purchased,  though  defective 
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in  nature,  or  in  substance,  or  in  quality,  was  not  defective   in 
three  rct-pecis. 

Section  7  of  the  1875  Act  proliibits  the  sale  of  any  compound, 
article  of  food,  or  compounded  drug  which  is  not  composed  of 
ingredients  in  accordance  with  the  demand  of  the  purchaser 
penalty,  ;f20.  13y  this  section,  the  making  up  of  medicines  in 
accordance  with  prescription  can  be  insisted  upon,  and  the  section 
is  chiefly  of  value  fur  that  purpose.  With  regard  to  the  sale  of  drugs 
and  medicines,  these  articles  must  be  in  accordance  with  the  re 
quiremenls  of  the  last  published  edition  of  the  British  Tharmacoptcia 
both  as  regards  the  presence  of  particular  ingredients,  their  relative 
proportions,  and  their  strengths. 

13y  section  8  of  the  1875  Act,  in  the  sale  of  articles  of  food  or 
drugs  wh'ch  are  mixed  with  other  ingredients  which  are  not  injurious 
to  health  and  not  fraudulently  added,  there  is  no  offence  if  the 
article  sold  has  a  label  on  it  distinctly  and  le;{ibly  written  or  printed 
to  the  ciTcct  that  the  same  is  "  mixed."  This  label  must  nut  be 
obscured  by  other  matter  on  it  (section  12,  1899  Act). 

I3y  section  9  of  the  1873  Act,  no  person  shall,  with  the  intent  that 
the  same  may  be  sold  in  its  altered  state,  without  notice,  ab.siracl 
Irom  an  article  of  food  any  part  of  it  so  as  to  adect  injuriou>ly  its 
quality,  substance,  or  nature  ;  and  no  person  shall  sell  any  article 
so  altered  without  making  disclosure  of  the  nltcration  ;  penalty, ;( 20. 
This  section  is  invoked  in  cases  of  prosecution  for  selling  skimmed 
or  separated  milk. 

The  1875  Act  provides  for  the  appointment  of  public  analysis  by 
local  authorities,  and  for  the  analysis  of  articles  of  food  and  drugs 
submitted  to  them  by  private  purchasers,  on  payment  of  a  fee  of 
III].  61/.,  as  well  as  by  inspectors  appointed  under  the  Act  to  pur- 
chase samples  for  analysis.  The  form  of  certificate  to  be  given  by 
the  public  analyst  is  set  out  in  the  schedule  to  the  Act.  In  this 
certificate,  in  the  case  of  adulterated  articles  containing  foreign 
ingredients,  the  public  analyst  is  required  to  slate  the  parts  or 
percentages  of  foreign  ingredients  in  relation  to  the  bulk  or  total 
weight  ol  the  article ;  and  in  the  case  of  foods  liable  tu  decompose, 
he  must  certify  that  no  change  had  taken  place  in  the  constitution 
uf  the  article  that  would  interfere  with  the  analysis. 

I3y  section  14  uf  the  1875  Act  and  section   i\  of  the  1S99  Act,  the 

person  puichiis'iig  for  analysis  must,  after  the  purchase  lias  been 

completed,  forthwith  notify  to   the  seller  Ins  intention  to  have  lb 

name  analysed  by  the  public  analyst,  and  niuiit  divide  the  ancle  into 

t/trce  pMlK,  to  lie  tl\en  and  lheJ9  separated,  and  each  part  to  Ije 


I 
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marked,  sealed,  or  fastened  up  as  its  nature  will  permit,  and  shall.  If 
required  to  do  so,  deliver  one  of  the  parts  to  the  seller.  One  of  the 
parts  is  to  be  retained  (or  future  comparison,  and  produced  in  couit 
in  the  event  of  a  prosecution.  The  third  part  is  to  be  taken  to  the 
public  analyst,  or  sent  to  him  by  registered  parcel  post. 

If  the  offer  to  divide  is  refused,  the  analyst  must  divide  the  sample 
into  two  parts,  and  remit  one  part  lo  the  purchaser  for  production  in 
CISC  proceedings  shall  aftcruatds  be  taken. 

Any  person  refusing  lo  sell  to  an  inspector  or  officer  is  liable  to 
a  ;f  lo  penally. 

All  proceedings  under  these  Acts  must  be  insliluled  within  twenty- 
eight  days  of  the  date  of  purchase.  The  summons  must  state  the 
particulars  of  the  offence  alleged,  must  not  be  made  return.-»ble  in 
less  time  than  fourteen  days  from  the  day  on  which  it  is  served  upon 
the  defendant,  and  must  be  served  with  a  copy  of  the  certificate  of 
the  public  analyst  obtained  on  behalf  of  the  prosecutor  (section  ig, 
iKgg  Act).  At  the  healing  of  the  summons,  the  certificate  of  the 
public  analyst  is  suflicient  evidence  fur  the  prosecution,  unless  the 
defend.int  re(|uire8  him  to  be  called  (section  21,  1875  Act) ;  and 
on  behalf  of  (he  defendant  a  public  analyst's  certificate  is  suOi- 
cient  evidence,  if  a  copy  has  been  sent  lo  ihe  prosecutor  three  clear 
days  before  the  summons  is  heard.  The  justices  may  order  the 
sample  produced  in  court  by  the  prosecutor  to  be  sent  lo  the  Com- 
missioners of  Inland  Revenue  (o  be  ,inalysed  by  ihc  chemical  officers 
at  Somerset  House,  and  may  adjourn  the  hearing  to  obtain  the 
Somerset  House  ccrtiHcate  (section  22,  1875  Act).  Tlicy  mtisl  do  so 
at  llic  retjuest  of  either  parly,  by  section  it  of  the  i8gg  Act. 

Uy  section  :!5  of  tlic  1K75  Act,  if  the  defendant  prove  that  he  had 
purchased  the  article  as  the  same  in  nature,  substance,  and  quality 
as  that  demanded  by  the  prosecutor,  and  with  a  written  warranty  to 
that  effect,  that  he  had  no  reason  lo  disbelieve  the  warranty,  and 
that  he  sold  the  article  in  the  same  slate  as  when  he  purcha.scd  it, 
he  is  not  gu  Ity.  Uy  section  20  of  the  iSgi)  Act  the  warranty  defence 
is  not  available,  unless  a  copy  of  it  has  been  sent  to  the  prosecutor 
within  seven  days  after  the  service  ol  the  summons,  with  (he  state- 
ment that  the  warranty  will  be  relied  on,  and  specifying  the  name 
and  address  of  the  person  from  whom  the  warranty  or  invoice  was 
received.  This  person  must  alsa  be  infi.irmed  of  the  defendant's 
intention  to  rely  on  the  warianty,  and  he  is  entitled  to  give  evidence 
at  the  heating.  Any  person  giving  a  false  warranty  is  liable  lo 
heavy  penalties,  unless  he  prove  (hat  when  he  gave  the  warranty 
be  bad  reason  to  believe  that  it  was  true. 
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M(LK, —  By  section  3  of  the  1879  Act,  an  inspector  may  take  a 
sample  of  milk  for  analysis  which  is  consigned  from  one  person  to 
another  in  pursuance  of  any  contract.  The  sample  must  be  taken 
at  the  place  of  delivery,  which  in  towns  is  usually  a  railway  station, 
where  the  milk  passes  into  the  hands  of  the  consignee  or  his 
servants. 

By  flection  14  of  the  Sale  of  I''ood  and  Drugs  Act,  1899,  any  other 
article  of  food  may  be  sampled  in  course  of  delivery  at  the  request 
or  with  the  consent  of  the  consignee. 

Uy  section  4  of  the  1899  Act  the  Board  of  Agriculture  can  frame 
standards  for  the  composition  of  genuine  milk,  including  condensed'^ 
milk,  cream,  butter,  and  cheese,  departures  from  which  standard 
raise  a  presumption,  until  the  contrary  is  proved,  that  the  article  is 
adulterated.  Analysts  must  have  regard  to  these  standards.  Any 
person  selling  milk  or  cream  in  any  street  or  public  place  must  h.ivc 
conspicuciusly  inscribed  on  his  vehicle  or  can  or  churn  hi.s  name  and 
address  (section  9).  Every  tin  of  condensed  "separated"  or 
"  ikinimcd"  milk  must  bear  a  label  clearly  visible  to  the  purchaser — 
"Machine-skimmed  Milk"  or  "Skimmed  Milk"— in  large  and 
legible  type.  No  tin  unle«a  so  labelled  may  be  sold  or  exposed  or 
offered  for  sale. 

BuTTFR  AND  MARGARINE, — By  the  Margarine  Act,  1887,  butter  is 
defined  as  made  exclusively  from  milk  or  cream,  or  both,  with  or 
without  salt  or  other  preservative,  and  with  or  without  added  colour- 
ing matter.  Margarine  includes  all  substances,  whether  compounds 
or  otherwise,  prepared  in  imitation  of  butter,  and  whether  mixed 
with  butter  or  not.  Everj-  package  of  margarine  must  be  so  marked 
in  printed  capital  letters  not  less  th.in  j  inch  square  ;  if  exposed  for 
sale  by  retail,  the  label  must  be  printed  "  ^f^rgarine  "  in  letters  1} 
inches  square.  When  margarine  is  sold  retail,  it  must  be  delivered 
to  the  purchaser  in  a  paper  wrapper  on  which  "  Margarine "  is 
printed  in  capital  block  letters  not  less  than  .]  inch  long  and  dis- 
tinctly legible,  and  no  other  printed  matter  must  appear  on  the 
wrapper  (Sale  of  Food  and  Drugs  Act,  1899,  section  6).  An  officer 
taking  samples  under  this  Act  is  not  required  to  go  through  the  form 
of  puichase,  but  otherwise  the  procedure  is  the  same  as  under  the 
Sale  of  Food  and  Drugs  Acts.  Any  substance  not  marked  as  mar- 
garine is  presumed  to  be  exposed  for  sale  as  butter.  By  the  Sale  of 
Food  and  Drugs  Act,  1S99,  "  Margarine"  and  "  Margarine-cheese  " 
must  be  branded  on  the  package  itself,  and  not  solely  on  an  attached 
label  or  ticket,  in  capital  block  letters  J  inch  long.  By  this  Act  also 
mjrgaiine-cheKtc  is  included  in  all  provisions  relating  to  margaiine, 
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and  the  same  measures  must  be  taken  to  difTercntiate  margarine- 
cheese  and  cheese  as  are  necessary  to  dilTcrcntiate  margarine  and 
butter.  Manufactories  of  margarine  and  of  margarine-cheese  must 
be  registered  with  the  local  authorities  of  the  district  in  which  they 
are  situate,  and  notice  of  registration  must  be  sent  to  the  Board  of 
Agriculture.  No  margarine  imported,  manufactured,  or  sold  may 
contain  more  than  lo  per  cent,  of  butter  fat  (Sa'e  of  Food  and  Drugs 

ct,  i8gg,  section  8). 

Spirits. — l!y  section  6  of  the  Sale  of  Food  and  Drugs  Act 
Amendment  Act,  1879,  brandy,  whisky,  and  rum  may  be  sold 
25  degrees  under  proof  and  gin  35  degrees  under  proof.  Spirits 
may  be  sold  diluted  lo  a  greater  extent  if  a  customer's  attention  is 
called  10  the  fact  of  greater  dilution  being  practised  in  the  establish- 
ment in  which  he  is  being  served,  but  not  otherwise. 

The  chief  provisions  of  the  Sale  of  Food  and  Drugs  Act,  1899.  have 
been  alluded  to  above.  In  additiun,  it  m.iy  be  noted  ihat  im]x>rters 
of  margarine,  margarine-clicesc,  skimmed  or  separated  condensed 
milk,  and  of  other  adulterated  or  impoverished  articles  of  food, 
unless  such  articles  are  conspicuously  labelled  or  described,  are 
liable  to  a  pcn.illy.  The  Local  Government  Board  and  the  lioard 
of  Agriculture  may  direct  theic  oflicers  to  procure  for  analysis  any 
article  of  food  in  any  district.  Such  officer  divides  his  sample  into 
four  parts,  sending  one  part  to  his  Ijoard  and  one  to  the  public 
analy.st  of  the  district,  whose  fee  is  payable  by  the  local  authority 
of  the  district.  If  the  sample  is  adulterated,  the  analyst's  certificate 
is  to  be  sent  to  the  local  authority,  who  are  rccjutrcd  to  prosecute. 
By  this  Act  also  every  local  authority  is  now  required  to  appoint  a 
public  analyst  and  to  administer  the  Acts.  In  case  of  failure  to  do 
so,  either  the  Local  Government  Board  or  the  Board  of  Agriculture 
may  empower  an  ofBcer  10  execute  and  enforce  the  provisions  of 
the  Acts,  and  the  expenses  so  incurred  must  be  paid  by  the  local 
authority  to  the  Board  on  demand.  Fublic  analysts  to  be  appointed 
must  furnish  such  proof  of  competency  as  the  regulations  of  the 
Local  Goveinment  Hoard  may  require. 


Slaughter  Houses. 

By  section  4  of  the  Public  Health  Act,  1S75,  a  slaughter  hou>e 
includes  knackers'  yards  and  any  building  or  place  u.sed  for 
slaughtering  cattle,  horses,  or  other  animals  for  sale. 

By  section  169  of  the  same  Act.  an  urban  authority  may  piovidc 
(public)  slaughter  houses,  sometimes  called  municipal  abattoirs,  and 
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must  make  bylaws  for  llie  management  and  charges  lor  the  use  of 
them.  They  may  also  license  existing  slau);liter  houses,  and  without 
their  licenfc  no  place  may  be  uFcd  for  the  purpose  which  was  not  so 
used  prior  to  1875.  This  license  does  not  require  periodical  renewal 
when  once  given.  With  regard  to  slaughter  houses  in  use  prior  to 
the  Act,  they  need  not  be  licensed,  but  they  must  be  registered  with 
the  local  authority.  The  owner  or  occupier  of  a  licensed  or  regis- 
tered slaughter  house  is  required  to  affix  a  notice  to  that  effect  on 
some  conspicuous  part  of  the  premises. 

In  places  where  Part  III.  of  the  Public  Health  Acts  Amendment 
Act,  181^0,  has  been  adopted,  licenses  for  slaughter  houses  may  be 
limited  to  twelve  months,  and  may  be  revoked  if  the  occupier  has 
been  convicted  of  selling  unsound  meat  or  exposing  it  for  sale. 
This  Att  docs  not  apply,  so  far  as  regards  licenses  for  limited 
periods,  to  slaughter  houses  already  licensed  or  registered  before  the 
adoption  of  the  .\ct. 

The  Local  Government  Board  has  suggested  the  following  rules 
as  to  site  and  stiucturc,  which  should  be  complied  with  by  slaughter 
houses  seeking  a  license  :  (1)  The  premises  should  not  be  within  100 
Icct  of  any  dwelling  hou«c,  and  >hoiild  be  freely  exposed  to  the  air 
on  two  sides  at  least.  (2)  Lairs  for  cattle  should  not  be  within  100 
feet  of  a  dwelling  house.  (3)  The  slaughter  house  should  not  be 
below  the  ground  level.  (^)  The  approach  should  not  be  on  an  in- 
cline of  more  than  one  in  four,  nor  pass  through  any  dwelling  house 
or  shop.  (5)  There  should  be  no  room  or  lolt  over  the  slaughter 
house.  (6)  The  water  tank  must  be  of  adequate  si/e,  with  its  bottom 
not  less  than  6  feet  above  the  floor  of  the  slaughter  house.  {7)  There 
should  be  thorough  ventilation  of  the  slaughter  house.  (S)  The  floor 
should  be  well  paved  with  asphalt  or  concrete,  laid  with  proper  slope 
and  channel  to  a  gulley,  with  trap  and  grating,  the  bars  of  which 
should  not  l>e  more  than  g  inch  apart.  There  muii  be  cflectual 
drainage.  (9)  The  surface  of  the  walls  in  the  interior  should  be 
covered  with  hard,  smooth,  impcr\'iou8  material  to  a  sufficient  height. 
(10)  There  must  be  no  water-closet,  privy,  or  ccssjiool  within  the 
slaughter  house.  {11)  There  must  be  no  direct  comniimication 
between  the  slaughter  house  and  any  stable,  water-closet,  privy,  or 
cesspool,  (li)  livery  lair  for  beasts  must  be  properly  paved,  drained, 
and  ventilated.    No  habitable  room  is  to  be  constructed  over  any  lair. 

The  l>ocal  Government  Board  has  also  issued  model  bylaws  115 
to— (1)  AppI  cations  for  licenses  for  tx'siing  premises  or  for  erec- 
tion of  new  premises,  (i)  Registration  of  premises.  (\)  .-Vccess  for 
lotpeciion  bjr  taniiarv  f^f^KKii.     (4)  Water  to  be  supplied  to  every 
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animal  in  a  lair.  (3)  Mode  or  (laughter :  cattle  to  be  secured  by  the 
head  before  felling.  (6)  Drainage,  w.iter  supply,  and  venlitalion. 
(7)  Cleanliness  of  premises  :  walls  and  floor  to  be  kept  in  repair,  and 
cleansed  within  three  hours  after  slaughtering:  wa!Is  and  ceiling  to 
be  limewashcd  four  times  yearly.  (8)  No  dogs  to  be  kept  in  a 
slaughter  house;  and  no  other  animal,  unless  intended  for  slaughter- 
ing, and  then  only  in  a  lair,  and  not  longer  than  necessary  to  prepare 
it  for  killing  by  fasting,  (g)  All  refuse,  blood,  manure,  and  garbage 
to  be  placed  in  suitable  vessels  of  non-absorbent  material  with  close 
fitting  covers,  immediately  after  slaughtering,  which  are  to  be  removed 
within  twenty-four  hours,  the  vessels  being  then  cleansed.  All  skins 
fat,  and  offal  to  be  removed  within  twenty-four  hours. 

Any  person  guilty  of  an  infringement  of  the  by-laws,  when  in 
force  in  a  district,  is  liable  to  have  his  license  suspended  for  two 
months,  on  conviction  before  justices,  or  revoked  in  the  case  of  a 
second  offence. 

In  London  all  slaughter  houses  arc  annually  licensed  by  the 
London  County  Council. 


Dairies,  Cowsheds,  and  Milkshops. 


Under  the  Contagious  Diseases  (Animals)  Acts,  1878- 1886,  the 
Local  Government  Board  has  issued  the  Dairies,  Cowsheds,  and 
Milkshops  Orders  of  18S5,  1886,  and  i8gg.  The  main  provisions  of 
these  orders  are  as  follows;  (i)  Every  cowkeeper,  dalrym,in,  and 
purveyor  of  milk  must  be  registered  in  a  register  to  be  kept  by  the 
sanitary  authority  of  the  district.  Cowkeepers  and  dairymen  who 
only  make  or  sell  butter  and  cheese,  and  persons  who  sell  milk  from 
their  own  cows  in  small  quantities  to  workmen  or  neighbours,  need 
not  be  registered.  (2)  No  new  dairy  or  cowshed  m.iy  be  occupied 
until  provision  is  made  to  the  reasonable  satisfaction  of  the  sanitary 
authority  for  the  lighting,  ventilation,  air  space,  cleansing,  drainage, 
and  water  supply  of  the  premises.  (3)  As  regards  existing  dairies 
and  cowsheds,  these  matters  must  be  attended  to  as  far  as  is  neces- 
sary or  proper  for  the  health  and  good  condition  of  the  cattle,  the 
cleanliness  of  the  milk  vessels,  and  for  the  protection  of  milk  against 
infection,  (y)  No  cowkeeper  or  dairyman  suffeiing  from  a  dangerous 
infectious  disorder,  or  having  been  recently  in  contact  with  a  person 
so  suffering,  may  milk  cows,  handle  milk  vessels,  or  assist  in  the 
trade  so  far  as  regards  the  production,  distribution,  or  storage  of 
milk,  nor  may  he  allow  any  person  so  suffering  to  do  so.  (5)  After 
a  month's  notice  from  the  local  authority,  no  water-closet,  privy, 
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ccssponl,  or  urinal  is  allowed  to  be  within,  or  commonicatc  directly 
with,  or  vcniitate  into  any  dairy,  milk  Rlore,  or  milkshop.  (fi)  No 
milk  store  or  milksliop  is  to  be  used  as  a  sleeping  apartment,  or  for 
any  other  purpose  likely  to  cause  contamination  of  the  milk,  No 
twine  may  be  kept  in  cowsheds  or  milk  stores.  (7)  The  milk  ol  a 
cow  sufTering  from  c.itlle  plague,  pleuropneumonia,  foot  and  mouth 
disease,  or  tubercular  deposits  in  the  udder  (when  so  certified  by  a 
veterinary  surgeon),  shall  not  be  mixed  with  other  milk,  shall  not  be 
sold  or  used  as  human  fond,  and  shall  not  be  sold  or  used  for  lood  of 
animals,  unless  it  has  been  builcd. 

The  alxjve  order  of  the  Local  Government  Board  also  conIer$_ 
power  upon  any  urban  or  rural  sanitary  authority  to  make  and 
enforce  regulations  for  the  inspection  of  cattle  in  dairies  and  cow- 
sheds; for  prescribing  and  regulating  their  lt};hting,  ventilation, 
cleansing,  drainage,  and  water  supply  ;  for  securing  the  cleanliness 
of  milkshops,  milk  stores,  and  milk  vessels ;  and  for  prescribing 
precautions  to  be  taken  by  all  purveyors  of  milk  against  infeclio 
or  contamination. 

Kach  cow  is  usually  required  to  have  a  space  of  8  feet  by  4  feet 
in  a  separate  stall,  and  two  cows  H  feet  by  7  feel  in  a  common  stall. 
The  minimum  air  space  is  usually  fixed  at  600  cubic  feet,  but  when 
the  ventilation  is  imperfect,  800  cubic  feet  are  required  per  head. 
The  floors  must  l>e  imperviously  paved  and  drained  to  gullies 
situated  outMde  of  the  shed;  the  lower  parts  of  walls  to  be  of  non- 
absorbent  matciial ;  there  must  be  no  communication  of  the  cow- 
shed with  a  water-closet  or  privy  ;  and  12  gallons  of  water  must  l>e 
provided  for  the  use  of  each  cow.  All  milk  vessels  to  be  steamed  or 
scalded  immediately  after  use. 

In  those  districts  which  have  adopted  the  Infectious  Disease 
Prevention  Act,  J890,  the  medical  officer  of  health,  if  of  opinion  that 
the  consumption  of  milk  from  any  dairy  situate  within  or  without 
his  district  is  likely  to  cause  infectious  disease  in  his  district,  miy, 
by  order  of  a  justice  of  the  place  in  which  the  dairy  is  situate,  inspect , 
such  dairy,  and,  if  accompanied  by  a  veterinary  inspector,  inspect 
the  animals  therein.  If  satisfied  that  the  milk  sent  out  from  the 
dairy  is  likely  to  cause  infection,  the  medical  officer  reports  to  hi* 
authority,  who  may  give  notice  to  the  dairyman  to  appear  before 
them,  after  twenty-four  hours'  notice,  and  make  an  order  on  him  not 
to  supply  any  more  milk  within  the  district. 

In  London  the  Public  Health  (London)  Act,  iHgi,  confers  similar 
poH-ers  upon  the  medical  officer   of  health.     In   London  cowhouses 
Me  to  obtain  mo  anaual  licente  from  the  County  Council,  and 
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purveyors  of  milk  have  to  be  registered  with  the  Council.  All  cow- 
sheds and  dairies  are  subject  to  the  Council's  by-laws,  and  notice  of 
the  occurrence  of  any  case  of  infectious  disease  on  the  premises  has 
to  be  sent  to  the  Council. 


Cemeteries  ksd  Burial  Grounds. 


By  the  I'ublic  Health  (Interments)  Act,  1879,  both  urban  and  rural 
authorities  may  provide  cemeteries  for  their  di.'^tricls,  and  must  do  so 
if  required  by  the  Local  Government  Board  on  the  ground  of  inade- 
quacy of  existing  burial  places,  or  of  their  lieing  a  danger  to  the 
public  health. 

An  existing  burial  ground  may  be  closed  by  the  Home  Secretary 
by  Order  in  Council  under  the  provisions  of  the  Burial  Act,  1853. 
Interments  within  the  walls  of  churches  built  after  1H4H  are  forbidden 
by  the  Public  Health  Act,  1875. 

The  Regulations  for  Burial  Grounds  issued  by  the  Home  Secre- 
tary in  1863  provide  inter  alia — (i)  For  the  fencing  and  under- 
draining  of  the  site,  to  prevent  water  rising  into  any  grave;  {i)  grave 
spaces  to  be  laid  out,  and  a  corresponding  plan  kept,  such  spaces  to 
be  9  feet  by  4  feet  for  adults,  and  ^  J  feet  by  4  feet  for  children  under 
twelve  years;  (3)  3  register  of  graves  is  to  be  kept;  (4)  a  body  buried 
in  a  walled  vault  is  to  be  cemented  in,  and  never  afterwards  dis- 
turbed ;  (5)  only  one  body  to  be  huricd  in  a  grave  at  one  time,  unless 
members  of  the  same  family;  (f))  no  grave  to  be  reopened  until 
fourteen  years  have  elapsed  for  an  adult,  or  eight  years  for  a  child, 
unless  to  bur)'  another  member  of  the  same  family,  in  which  case  at 
least  one  foot  of  earth  is  to  be  left  undisturbed  over  the  previously 
buried  cofiin ;  (7)  no  adult  body  to  be  buried  within  less  than  4  feet 
of  the  level  of  the  ground  ;  a  child  under  twelve  may  be  buried 
within  3  feet. 

By  section  141  of  the  Public  Health  Act.  1875,  local  authorities 
.may  make  bylaws  for  iht:  management  of  cemeteries. 
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Abattoirs,  public,  432 
"ABC"  process,  176 
Absinthe,  468 
Acetylene,  314 
Actinomycosis,  415,  SQo 
Adulteration  of  food  and  drugs, 
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"  After-flush  "  for  valve  w.c,  1 10 

Age  and  sex  distribution,  668 

Ague  {see  Malaria) 

Air,  208 

Albocarbon  light,  313 

Albuminates,  391 

Alcohol,  effects  of,  472 

Alkali  works,  236,  742 

Alkaloids,  poisonous,  in  sewer  air, 
223 ;  in  the  body,  392 ;  in  meat, 
425 ;  produced  by  specific  mi- 
crobes, 490 

Alum,  for  purifying  water,  65  ;  in 
bread,  453 

Alumina,  sulphate  of,  as  a  sewage 
precipitant,  172 

Amines  process,  175 

Ammonia  in  water,  77 

Anderson's  process  oi  water  fittra- 

'    tion,  63 

Anemometers,  295 

Robinson's  wind,  361 

Aneroid  barometer,  360 

Aniline  dyes,  385,  476 

Animal  charcoal  for  filters,  66 

Anopheles,  571 

Anthrax,  485,  581 


Anti-cyclonic  system.  353 

Anti-D  trap,  112 

Antiseptics,  626 ;  in  milk,  439 

Antitoxins,  494,  535 

Aqueducts,  i,  47 

Areas,    "open"    and    "dry"   for 

houses,  334 
Argand  burner,  312 
Amott's  valve,  282 
Arrowroot,  460 
Arsenic  in  wall  papers,  256 
Arsenical  poisoning,  251,  257 
Artesian  welts,  39 
Artificial  illumination,  309 
Ash-closets,  92 

Aspiration,  ventilation  by,  275 
Atmometers,  367 
Atmospheric  pressure,  increase  of, 

345  ;  diminution  of,  343 
Attenuation  of  viri,  493 
Autoclave,  643 
Averages,  662 

Bacillus  of  pneumonia,  216;  of 
tubercle,  215,  485  ;  of  anthrax, 
485;  of  glanders,  486  ;  of  diph- 
theria, 487  ;  of  leprosy,  488  ;  of 
Asiatic  cholera,  4K9 ;  of  tetanus, 
486  ;  of  enteric  fever,  487 ;  coli 
communis,  487 ;  enteritidis,  426 
Back'to-back  houses,  215,  260 
Bacteria  in  rain,  5 ;  in  drinking 
water,  78 ;  in  the  soil,  197,  327 ; 
in  sewer  air,  223 
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pBaclerial  sewage  filter;,  ti>g 
Baking  powders,  45 1 
Bakehouses,  741 
Barley,  457 
Barograph,  372 
Barometer,  356 
Bath  heaters,  304 
Beans,  460 
Beer,  469 
Bell  traps,  145 
Beri-Bcri,  577 
Berkefcid  filter.  68 
Bilhariia  hirmatobia,  419 
Biological   examination  of  water, 

78;  purification  of  sewage,  179 
Birth  rate,  667 
Black  ash  waste,  175 
Boilers,  309 

Bones,  nourishment  in,  408 
Bolhriocff'hnlut  lalus,  411 
Boyle's  valve,  282 
Branch  drains,  127 
Brandy, 46S 

Brass  founder's  ague,  235 
Bread,  453 
Brick  burning,  234 
Bricks,  capacity  for  holding  mois 

ture,  333 
Burial,  637 

grounds,  657,  751 

Burners,  gas,  311 
Butter,  450,  746 
By-laws,  696 


Caisson  diKaae,  345 
Cameron's  system,  i£6 
Canal  boats,  734 
Cancer,  578 
Candles,  316 
Candy's  sprinkler,  tt)} 
C:.itbo  /lyJratCK,  jg^ 
l-'arbctlic  ai  id,  fijq 


Carbon  block  filters,  66 

in  diets,  4cx) 

Carbonic  acid,  in  outer  air,  209; 
in  expired  air,  211,  268;  in 
crowded  rooms,  213  ;  from  com- 
bustion  of  gas,  219;    in  wells, 

253 
Carbonic  oxide,  220,  253.  303,  307 
Catchment  basin,  9,  II 
Cellar  dwellings,  714 
Cemeteries,  657,  751 
Cerebro-spinal  fever,  580 
Cesspools,    30,    89  -,    emptied    by 

pneumatic    pressure,   90 ;    fatal 

results  from  opening,  223 
Chalk  fissures,  20t 

soils,  26,  331 ;  borings,  39 

Channel  pipes,  129 

Charcoal,  wood,   in   sewer   venti 

lators,  161 
Cheese,  451,  746 
Chicory,  462 

Childhood,  clothing  in,  385 
Chimneys,  use  of,  in  ventilation, 

275 

Chinosol,  642 

Chlorine  as  a  disinfectant,  639,  647 

Cholera,  536;  from  polluted  water, 
21,  72 ;  in  relation  to  under- 
ground water,  329 

Cholera  ordei^,  538,  725 

Chromium  poisoning,  2ja 

Cisterns,  51 

Clark's  process,  59 

Classification  of  causes  of  deaths 
690 

Clay,  London,  37 

Climate,  341 

Clothing,  380 

Clouds,  370 

Ciial,  21^;  combustion  of,  ai8 

du'l,  .>3t 
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Coal  gas,  2iS  ;  combustion  of,  2ig, 

Death  rates,  606 :    calculation  of,       fl 

311;   escapes  of,  221 ;    illumina- 

666 ;    significance  of,  667  ;  rural       H 

tion,  311;    manufacture  of,  237  ; 

and  urban,  669,  687  ;   in  relation       H 

purification  of,  218 

to    density  of  population,   669  ;        H 

minerf,  231 

correction   of,  for   age   distribu-       H 

Cocoa,  465 

lion,   670;    standard,   671;    in-        ^ 

ColTce,  1O1 

Ruence  of  birth  rate  upon,  674  ; 

Coke  for  filters,  193 

of  combined   districts,  674  j    at 

Cold,  effecis  of,  on  body,  341 

special    age    peiiods,   682 ;      of 

Colza  oil,  316 

special   diseases,  683;    fallacies 

Common  lodging  houses,  716 

in  conned  ion  with,  685 

Communicable  diseases,  496;  mi- 

Deaths, in  public  institutions,  666 

crobial  origin  of,  479;    preven- 

Defects, sanitary,  in  houses,  140 

tion  of,  608 

Dengvie,  577 

Confectionery,  colouring   matters 

Deodorants,  627 

of,  476 

Destructor  furnace,  83 

Conservancy  systems,  87 

Dew  point,  366 

Contagia,  the,  478 

Diarrhcea,    71,   547;     from    meat 

Convection,  heating  by,  304 

poisoning,  425 

Cooking,  421 

Dibdin's  experiments,  185 

Cooper's  ventilator,  279 

Diets,  398  ;  training,  379 

Cotton,  380 

DilTusion  of  gases,  258 

Cotton  factories,  740 

Diphtheria,    73,    487,    526;     from 

Cowls  for  chimney  tops,  275 

milk,  444 

Cows'  milk,  437 

Dipstone  trap,  143 

Cow-pox,  513,  5o2 

Disconnection  of  house  drain,  128 

Cremation,  655 

Disinfectants,  liquid,  637;  gaseous. 

Crops  of  sewage  farms,  203 

643  ;  solid,  651 

Cubic   space   in  inhabited  rooms. 

Disinfecting  station,  6j6 

271;    in  hospitals,  616;    estima- 

Disinfection, 626 ;  by  boiling  water. 

tion  of,  293 

629;  by  dry  heat.  630;  by  steam. 

Curd  of  human  and  cows'  milk,  43G 

631  ;  of  sick  room  by  sprays  and 

Cyclonic  systems,  351 

gaseous  air   purifiers,   651  ;    of 

Cysticcrci,  409 

stools   and   sputa   by  liquid   re- 

agents, 654 

Dairies,  cowsheds,  and  milkshops. 

Distillation  of  water,  64 

749 

Distoma  hcfaticum,  416 

Damp  proof  course,  333 

Domestic  dry  refuse,  removal  of, 

Daylight  illumination,  318 

81 

Deacon's  waste  water  meter,  49 

Drain  sewers,  xoi 

Dead,  disposal  of,  655,  724 

Drains,   house,   124;    brick,    140; 

Death  certificates,  689 

law   as  to,  700                                ^^M 

■ 
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Drj'ing  power  of  air,  366 

D  trap,  109 

Ducat's  system,  1R8 

Dust,    in    iiir,    210;     from    trade 

processes,  231  ;    household,  81, 

253 
Dustbins,  81 
Dwellings,  movable,  735 
Dynamite,  287 
^^Dysentcry,  72,  548 

^BEarth  system,  Moule's  dry,  94 
^^f^—  temperatures,  in   relation  to 

diarrhoea,  550 
Education  Code,  321,  613 
Elastic  force  of  vapour,  366 
Electric  light,  317 
ICIcctricity,  atmospheric,  375 
Ellison's  conical  brick  ventilators, 

280 
Embalming;,  65S 
Endemic  diseases,  482 
Ener^  obtainable  from  food,  400 
Enteric  fever,  54n  ;    from  polluted 

water,  57,  72  ;    from   milk,  443  ; 

relation  of,  to  height  of  ground 

water,  329 
Entnzoa,  eggs  of,  in  water,  74 

ntozoic  diseases  on  lewage  farms, 

206 
Epidemic  diseases,  482,  723 
Epirootic  diseases,  ;8i 
Equifcx  disinfector,  O35 

sprayer,  653 

F-rgot,  455 

Erysipelas,  486 

Evaporation  of  rainfall,  4,  25 ;   of  i 

water  on  sewage  farms,  204 
Excremental  emanations,  225 
Excreta,  human,  85 

■Exi'  ^altm  for  ftnil  air,  284 


Expectation  of  life  {see  Mean  dura- 
tion of  life) 

Explosions,  of  lioilers,  309;  of 
lamps,  314 

Extraction,  ventilation  by,  2S5 

Extractives,  393 

Fabrics,  injury  to,  by  disinfection, 
630 

Facloties,  ventilation  uf,  290 ;  and 
workshops,  736 

Fxces,  composition  of,  85 

Fans,  extraction  by,  291  ;  propul- 
sion by,  292 

Fats,  394 

Fatty  acids  of  butler.  451 

Feeding  bottles,  406 

Fermentation  of  organic  matters, 
15,222;  vinous,  467;  acetous, 
469 

Fermented  liquors,  467 

Filter  presses  for  sewage  sludge,  178 

Filters,  domestic,  65 

Filtration,  of  water,  18,  62;  of 
sewage,  182;  intermittent  down- 
ward, 197 

Fireplaces,  improvements  in,  300 

l-'ish,  433 

Flame  illumination,  3T0 

Flashing  point  of  oils,  314 

Fleas^  567 

Flies,  496,  56C 

Floor  space,  271  ;  in  hospital,  616 

Floors,  321,  339  ;  hospital,  621 

Flour  (j«  wheal) 

I'lush  tanks,  98 

Flushing  gates  for  lewert,  154 

Fogs,  221,  369 

Food,  390;  proximate  constituents 
of>  390 ;  excess  and  deficiency 
of,  402  ;  unsound,  734 

Foot  and  mouth  disease,  447,  596 


I 
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Foot-tons  of  potential  energy,  400 ; 

of  work,  379 
Formalin,  642 
Formic  aldehyde,  642,  643 
Foundations  of  houses,  332 
Friction,  loss  of   velocity   in    air 

shafts  by,  276 
Frosts,    as   obstacles    to    sewage 

irrigation,  205 
Fume  cremator,  83 
Fungi  in  water,  11;   in  milk,  438  ; 

in  flour  and  bread,  435  I 

Fur  in  boilers,  7,  309  | 

Furnace  chimneys,  connection  of  I 

sewers  with,  162  I 

Furniture,  house,  255  ! 

Gas  {see  Coal  gas) 

cooking  stoves,  422 

fires,  304 

governors,  314 

pipes,  pressure  in,  314  ;   test- 
ing of,  221 

works,  nuisance  from,  237  i 

Gelatine,  393  1 

Germ  theory  of  disease,  478  I 

Germicides,  626  1 

Gin,  468  I 

Glanders,  486,  597  ' 

Gluten  of  flour,  432  ' 

Goitre,  73  ' 

Goux  system  at  Halifax,  92 
Grates,  open,  300;  smokeless,  301, 

ventilating,  304  1 
Gravel  soils,  331  I 
Graveyards,  pollution  of  water  by, 
35 ;    pollution   of   air   by,   228 ;   ' 
pollution  of  soil  by,  327,  657  ' 
Grease  trap,  136                                 I 
Greensands,  43 
Ground  air,  325 
water  {see  Underground  water)   • 


Gulley,  yard,  134 

Gunpowder  blasting,  231 ;    substi- 
tutes for,  287 


Haffkine's  prophylactic,  493,  569 

Hardness  of  water,  7 

Hawksley's  formula,  9 

Heat,  effects  of,  on  body,  341 

Hendon  cow  disease,  444 

Hermite  system,  176 

Hinckes-Bird's  window  ventilator, 
277 

Hopper  closets,  102  ;  supply  from 
water  ^ain,  56,  147 

Horseflesh,  420,  734 

Hospitals,  614 ;  isolation,  622,  721 ; 
temporary  hut,  623;  pavilion, 
618,  622 

Hospital  wards,  616 ;  cubic  space 
and  floor  space  in,  616 ;  oblong 
and  circular,  617;  warming  of, 
619;  ventilation  of,  619;  floor- 
ing of,  621  ;  walls  and  ceilings 
of,  621  ;  water-closets  and  sinks 
of,  620  ;  disposal  of  refuse  from, 
622 

fevers,  217,  227 

Hot  water  pipes,  308 

House  construction  of,  337 

drains,  124 

Houses  of  Parliament,  ventilation 
of,  292 

Housing  of  the  working  classes, 
728 

Humidity,  relative,  365 ;  excessive, 

342 
Hydraulic  mean  depth,  130 
Hydrocarbons  {see  Fats) 
Hydrophobia,  294 
Hygrometers,  362 
Hypochlorites,  640 
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Iminuniiy.  ^gi 

Incubation  period,  479 

Industrial  poisonings,  246 

Infantile  mortality,  682 

Infants,  feeding  of,  404 

Infeclion,  481 

Infectious  Diseases,  Notification 
Act,  718  ;  law  as  to,  718 

Influenza,  5O1 

Intel  openings  into  rooms,  277 

Inoculations,  preventive,  492 

Insects,  infection  from,  496 

Intemperance,  cffccls  of,  473 

Intercepting  sewers,  I48 

Intoxication,  t>ti 

Iron,  magnetic  carbide  of,  62; 
spongy,  62 ;  protosulphatc  of, 
as  a  sewage  precipitant,  173 

Iriig.ition.  sewage,  199 

Kland  climates,  347 

Isolation  of  infectious  diseases,  6iu 

Italian  rye  grasi,  203 

Joints  of  drains,  126 
Joints,  soldered,  120 
Junction  pipes,  127 
Junctions,  sewer,  151 

Kerosene  oil,  314 
jlsun  light,  3r6 
iKocli  un  watci  liltralion,  22 
tocli's  postulates.  484 
umiss,  436 

Lamps,  314 

Laundries,  742 

Lead,  solvent  action  of  water  on, 

•  pipes,  51 

poisoning,  75,  246 

Lemon  and  lime  juice,  475 

^"!raur't ayatem,  l6g 


Life  tables,  676  ;  old  and  new,  680 

Lime,   as    a    sewage    precipitant 
172  ;  chloride  of,  639 

salts  in  water,  7,  8,  3<-g 

Linen,  381 

Liver  fluke,  416 

Local  Government  Board,  model 
by-I.iwB  for  privies,  88  ;  for  cc»s- 
pools,  90 ;  for  new  streets  and 
buildings,  261  ;  for  offensive 
trades,  238 

Lodgings,  houses  let  in,  717 

London,  water-supply  of,  2,  17; 
water  companies,  17;  basin, 
geological  fuimation  of,  36; 
Building  Act,  262 

Louvre  ventilators,  279 

Lowcock's  filter,  191 

Lung  diseases,  from  overcrowding, 
214  ;  from  inhalation  of  dust, 
231 ;   from  dampness  of  soil,  328 


Mackinnell's  ventilator,  283 

"  Made  "  soils,  331 

Magnesium  salts  in  water,  7,  8,  43 

Malaria,  330,  570 

Mallein,  600 

Manhole      chambers     on      house 

drains,  129 
Manholes,  suwer,  151 
Manure,      manufacture     of,     93 ; 

earihcloset.  95  :    sewage,  179 
Margarine,  451,  746 
Marriage  rate,  667 
Marsh  air,  219  ;  soils,  330 
Massachusetts     cxperimento,    30, 

182 
Mean  age  at  dei\th,  676 
Mean  duration  of  life,  676 
Measles,  518 

Meat,  408;  preservation  of,  423 
condemned,  432 
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pVteat,  elTccts  of  diseased,  ^24 

Nuisances,    701;     from    offensive          H 

extracls.  43^ 

trades,   238,  244',    &om   smoke,          H 

Medical  ofiicers  of  hcallti,  695 

709  ;  law  as  to,  704                               fl 

Mercurial  poisoning,  250 

m 

Mercury,  bichloride  of,  as  a  disin- 

Oatmeal, 460                                    ^^^M 

fectant,  637 

Ocean  climates,  348                          ^^^^| 

Metallic  poisoning  by  water,  75 

Offensive  trades,  23S,  732                ^^^^B 

Metropolitan  water  supply,  Royal 

Ogle's,  Dr.,  comparative  mortality         1 

Commission  on,  ig 

statistics,  230                                         ^t 

Metropolitan     sewage    discharge, 

Otiliiim  iilliicaiis,  442                                 ^H 

Koyal  Commii-sion  on,  165 

Old  age,  clothing  in,  3S5                  ^^^^| 

MctschnikofT's  theory,  .(QI 

Ophthalmia,  contagious,  565          ^^^| 

Middens,  88 

Ordnance  map,  II                             ^^^H 

Milk,  434,  746 

datum,  12                                  ^^^1 

condensed,  439 

Organisms,  erobic,  180;  anierobic, 

180 

sterilisation  of,  431 

Osier    beds    on     sewage    farms, 

Mineral  salts  in  food,  397 

^^H 

waters,  4f>6 

Outlets  for  vitiated  air,  284             ^^^^| 

Miners,  lun^  diseases  of,  2ji 

Outworkers,  740                                    ^^W 

Mines,  venliUtion  of,  2ti6 

Overflow  pipes,  from  cisterns,  34,           1 

Montgolfier's  formula,  276 

134  ;  from  cesspools,  loi                       fl 

Mortality,  occupational,  233,  Cgi 

Oxidation  of  sewage  in  rivers,  14;          H 

Mortuaries,  724 

of  sewage  in  the  soil,  197                       H 

Moscjuitoes,  330,  571 

Oxygen  in  air,  208                              ^^^B 

Mountain  climates,  313 

Oysters,  513                                       ^^H 

Mumps,  574 

Pail  system,  90                                   ^^^ 

Mustard,  475 

Pan     closet,     107 :     supply    from          1 

drinking  water  cistern,  146                  H 

Naphthaline  vapour,  314 

PasleurChaniberlaiid  filter,  68                 H 

New  red  sandsionc,  4  ^ 

P.isteur  treatment,  591                              H 

Nitrates  and  nitrites,  in  will  waters. 

Paving,  337                                       ^^^1 

76;    from  oxidation  of  sewage, 

460                                           ^^H 

196 

Peat  acids,  51                                    ^^^H 

Nitrifying  organisms,  181,  197 

Pellagra,  460                                     ^^^H 

Nitrogen,  in  f.-eccs  and  urine,  86; 

47S                                       ^^H 

in  crops  of  sewage  farms,  204 ; 

Percolation  of  rain,  3,  25                 ^^^H 

in  diets,  4(10 

Perflation  by  wind,  258,  27  (            ^^^H 

Nitrous  acid  as  an  air  purifier,  649 

Perkins'  pipes,  308                             ^^^^| 

Notification  of  infectious  diseases, 

Felrolcum  oils,  314                           ^^^H 

^^    609,  718;    of  measles,  520;    of 

Phenols.  63S,  649                               ^^^1 

^H   tuberculosis,  559 

Phosphorus  poisoning,  34S 

■. 

-...^^^^^H 

■_ 

w 

^^~^^^^^^^^^^^^^^H 

r:.......^~»...^...  i 

Phthisis,  produced  by  foul  air,  214; 

Rain  gauge,  368                             ^^| 

by   dust,  231  ;    by   damp   soils. 

water  pipes,  134                      ^^H 

328  ;  climatic  treatment  of,  3-14  ; 

Rainfall,  3                                           ^H 

K      (ue  also  Tuberculosis) 
y  Pickles,  475 

Ransom's  disinfecting  stove,  630  ^^\ 

Rats,  566,  568                                        J 

Pipe  sewers,  152 

Reek's  disinfector,  635                    ^^H 

Plague,  565 

Regulator  valves,  no                     ^^H 

Plenum  ventilation,  291 

Relapsing  fever,  spirillum  of,  489         1 

Plug  closet,  112 

Relative  values  of  series,  662       ^^J 

Pneumonia,  epidemic,  215,  577 

humidity,  365                          ^^H 

Poisson's  rule,  661 

Reservoirs,  water,  g                         ^^1 

Polarite,  177 

Respiratory   impurity,  permissible       1 

»    Pollution  of  rivers,  13  ;   of  wells, 
f       30;  of  the  soil,  326 

limits  of,  2b,S                                          J 

Rest,  after  exercise,  378                         J 

Population,    estimation    of,    6C4 ; 

Rheumatic  fever,  375                    ^^H 

law  of,  663 ;  census  of,  663 

Kite,  460                                           ^^^1 

PiirterClaik's  process,  60 

Ridge  and  furrow  system,  202                1 

Portland  cement,  124 

Rivers,   12;    pollution   of,  «3,  7t4^^J 

Potassium  permanganate,  C42 

seir  purification  of,  14                  ^^B 

Potatoes.  461 

Road  paving,  336                            ^^f 

Poudrette,  94 

Roberts'  rain-water  separator,  6         J 

Precipilants,  sewage,  172 

Rutheln,  523                                    ^^^1 

Preventive  inoculations,  492,  368, 

439                                           ^^1 

5S4 

^^1 

Probable  duration  of  life,  678 

Sago,  461                                        ^^B 

Propulsion,  ventilation  by,  292 

Sanitary  authorities,  693  ;   inspec- 

Pseudo tuberculosis,  557 

tors,  695 

Ptomaine!.,  4^5 

Puerperal  fever,  577 ;    from  drain 

Scarlet  fever,  5 14,  603 ;  from  milk. 

emanations,  227 

443 

Purification  of  sewage,  181 

Scavenging,  81.710                       ^_ 
Schi2omyceteB,  479                        ^^| 
School  desks  and  books,  319        ^* 

Putrefaction,  in  river  waters,  15 ; 

of  sediment  in  sewers,  101  ;  ol 

meat,  425 

School  hygiene,  318 

Schools,  ventilation  of,  321 ;  light- 

Quarantine, 539,  6to 

ing  of,  319;    closure  of,  612; 

inspection  of,  613 

Rabies,  591 

Scott- MoncrieH's  system,  184 

Radiation,  warming  by,  299 

Scurvy,  397  ;  infantile,  397 

Radiators,  308 

Sea,  discharge  of  sewage  into,  1O7 

Jfjtr/t,  evaporauoa  of,  2  ;    percola- 

salts  in  tidal  waters,  166 

^,™... 
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urn  diagnosis,  495,  546 

Sewage  of  midden  and  water- 
closet  towns,  S7  ;  average  com- 
position of,  J71  ;  sludge,  179; 
effluent,  196  ;  farms,  200 

Sewage  disposal,  164  ;  law  as  to, 
(x)g 

Sewerage,  combined  system  of, 
149  ;  separate  system  of,  152 

Sewer  air,  157  ;  poisoning  from, 
157,  225;  sore  tliruat  from,  226; 
cremation  of.  161 

deposits,  loi 

gasee,  157 

men,  health  of,  226 

ventilators,  159 

Sewers,  147;  intercepting,  14S; 
gradients  of,  150 ;  velocity  of 
flow  in,  150;  capacity  of,  150; 
Rhape  of,  151 ;  construction  of, 
152  ;  flushing  of,  154  ;  ventila- 
tion of,  155  ;  movements  of  air 
in,  158;  outfall,  i6j  ;  law  as  to, 
697 

Sheringham's  valve,  280 

Shone's  pneumatic  sewage  ejec- 
tors, idH 

Short  sight  in  children,  319 

Siemen's  regenerative  gas  burner, 
312 

Silica  in  water,  51 

Silk.  384 

Simple  continued  fever,  525 

Sipluinage,  123 

Siphon  flush  tank  (Field's),  98 

gully,  134 

— —  traps,  102,  138  ;    disconnect- 
ing, 128 
Siphonic  closets,  105 
Sites  of  houses,  331 
Skin,  care  of  the,  378 
Slaughter  houses,  747 


Slop  closets,  IIS 

sinks,  iig 

waters,  86 ;  disposal  of,  95 

Smallpox,    496,    601  ;     hospitals, 

497 

Smoke  nuisances,  709 

Smoke,  prevention  of,  263 

Soap.  8,  383,  650  ;  paraffin,  383 

Sodium  hypochlorite,  640 

Softening  of  water,  59 

Softness  of  water,  6 

Soil  pipes,  1 19 

Soil  pipe  ventilator,  122 

Soils,  324;  for  filter  beds,  198; 
for  sewage  farms,  20 1  ;  favour- 
able to  diarrhfra,  550;  favour- 
able to  enteric  fever,  544 

Spirits,  468,  747 

Sprays,  disinfection  by,  652 

Springs,  24  ;  mineral,  25 

Stable  manure,  82,  139 

Stables,  139 

Starch  grains,  microscopic  appear- 
ances of,  458 

Starches,  394 

Statistical  fallacies,  664,  C67,  675, 
685,  689 

Statistics,  66>i 

Steam  blast  for  ventilation,  290 

disinfection  by,  631 

——  pipes,  308 

Steamships,  ventilation  of,  289 

Sleining  of  wells,  36 

Stokers,  mechanical,  264 

Storage  reservoirs,  g 

Storm  overflows  to  sewers,  149 

Storm  waters,  1S9 

Stoves,  close,  305 ;  ventilating.  306 

Stream,  definition  of,  under  R.P.P. 
Act,  164,  714 

Streets,  paving  of,  335 

Sub-irrigation,  96 
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Subsoil,  drying  of  the,  148 ;  polla- 
lion  of,  J48;    drainage  of,  152, 

Sugars,  jij} 

Sulphurous  acid  in  air,  221  ;  as  an 

air  puiilier,  645 
Sunlight,  absence  of,  260 
Sunshine  recorder,  374 
Surface  water,  134 
Susceptibility  to  disease,  483,  60S 
Sylvester's  system  of  ventilation, 

274 

Tania  tchinococcus,  411,  4x8 

solium,  4og,  4 17 

Tank  sewer,  168 

Tanks,  sewage,  183;  precipitation, 

'74 
Tannin,  of  tea,  464;  of  wine»,  469 
Tapioca,  461 
Tea,  463 
Testing  of  drains  and  soil-pipes, 

131 

Tetanus,  486 

Thermometers,  wet  and  diy  bulb, 
365 ;  maximum  and  minimum, 
370;  solar,  373;  terrestrial  radia- 
tion, 374 

Thresh'a  disinfcctor,  6j6 

Thrush,  442,  604 

Tidal  rivets,  sewage  in,  163 

Tide  valve  for  sewers,  167 

Tin  miners,  231 

Tinned  foods,  476 

Tobin's  tube,  280 

Tonsillitis,  acute,  from  foul  air, 
226 

Toxins,  4QU 

Trade  nuisancer,  aj8 

Tiapf.  efficiency  of,  138 
7>y^i,Kii  j/inr/is,  412 
Tropical  climates,  341 


Trough  closet,  114 

Tube  wells,  35 

Tubercle,  bacillus  of,  485  ;  in  cow 

milk,  .|45 
Tubercular   peritonitis   from  mil 

447 
Tuberculin,  590 
Tuberculosis,  215,  554,  j88  ;  from 

cow's  milk,  443  ;  from  meat,  427 

Royal  Commission  on,  427 

Tumbling  bay  and  flap  valve,  162 
Typhoid  fever  (see  Enteric  fever) 
Typhus,  524 
Tyrotoxicon,  432 


Undcrdrains  for  filter  beds,  igS 

Underground  water,  26,  32  ;  curve 

of,  27,  31 ;   varying  level  of,  26, 

323 
Unhealthy  areas,  728 

dwelling  houses,  729 

trades,  739 

Upland  surface  waters,  8,  41 
Urea,  fermentation  of,  86 
Urinal<,  118 
Urinary  calculi,  73 
Urine,  composition  of,  85 

Vaccination,  303 

Acts,  726 

Vaccine  lymph,  312,  6oi 

Valve  closet,  109 

Varicella,  574 

Variola,  496,  601 

Vegetable  acids,  396 

Vegetarianism,  393 

Vegetation,  effect  of,  on  climati 

348 
Ventilation,  237 
Vinegar,  474 
Vital  statUlica,  66} 
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Wall  papers,  256 

Walls  of  houses,  333,  340 

Waimiog,  299 

Washington  Lyon's  steam  disin- 
fector,  634 

Wash-out  closet,  104 

Waste-pipes,  132 

water  meter  (Deacon's),  49 

waters,  86 

Water,  i ;  waste  of,  48,  57  ;  con- 
stant service  of,  55 ;  intermittent 
service  of,  52 ;  sterilization  of, 
64 ;  composition  of,  41 ;  purifi- 
cation of,  58;  subsoil,  325;  as 
food,  397 ;  law  as  to,  711 

Water-bearing  strata,  36 

Water-carriage  system,  100 

Water-closets,  loi ;  flushing  of, 
105-;  law  as  to,  702 

Water  gas,  302 

Water  mains,  48 

Water  pipes,  58 

Waterproof  materials,  385 

Water  softening  processes,  59 

Water  vapour  in  air,  367 

Water-waste  preventers,  105 

Weather  observations,  351 

Weight  of  the  air,  360 

Wells,  29 ;  shallow,  29 ;  deep,  35  ; 
artesian,  39 ;  tube,  35 

Well  waters,  42 


Welsbach  incandescent  gas  burner, 

312 
Wheat  flour,  452 
Whisky,  468 
Whooping  cough,  523 
Widal's  test,  546 
Willich's  formula,  680 
Windows  as  ventilators,  277 

in  schoolrooms,  319 

Winds,  as  ventilating  agents,  258, 

274  ;  effects  of,  on  body,  343 
Wines,  468 
Wool,  38a 

Woolsorter's  disease  (ste  Anthrax) 
Work,  average  day's,  379 
Working  classes,  housing  of  the, 

728 
Worms,  round,  419 
thread,  419 


Yard  paving,  335 

Yeast,  in  bread  making,  453  ;  in 

fermenting  liquors,  467 
Yellow  fever,  73,  573 
Yersin's  plague  serum,  570 

Zinc  cisterns,  53 

soil  pipes,  145 

Zymotic  diseases,  481 ;  death  rates 
from,  6S4 
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ANATOMY.     EMBRYOLOGY. 

MORRIS.  Text-Book  ot  Anatomy,  ad  Edition.  Revised  and 
Enlarged.  790  lUustrattons,  214  ol  whicb  are  printed  in  cotor«. 
Thumb  Indtx  m  Each  Copy.  Cloth,  |6.oo:  Leather,  17.00 

*'  The  ever-growing  popularity  of  the  book  with  teachers  and  stuucnts 

Is  an  index  of  it*  -v-alue." — Medicai  Rtcord,  Nctv  Y^rk. 

BROOMELL.  Anatomy  and  Histology  of  the  Human  Mouth 
and  Teeth.     3d  Eldition,  Lnl^r^e*!.    330  Ilhistrations.  I4  50 

CAMPBELL.  Dissection  Outliaes.  Baicd  on  Morris'  Anatomy, 
ad  Edition.  .50 

DEAVER.    Surgical  Anatomy.     A   Treatise  on  Anatomy   in  its 
Application  to  Medicine  and  isurgery.    With  400  very  Handsome  full- 
page  Illustrations  Engraved  from  Orieinal  Drawings  made  by  special 
Artists  from  disitections  prepared  for  tne  purpose.     Three  Volumes. 
Cloth,  $11  00;  Half  Morocco  or  Sheep,  $34.00:   Half  Russia,  $>7. 00 

GORDINIER.  Anatomy  of  the  Ceotral  Nervous  System. 
With  371  Illu^tratioos,  many  of  which  are  original.  Cloth^  $6.00 

HEATH.     Practical  Anatomy,     8th  Edition.    300  Illus.  $4.15 

HOLDEN.  Anatomy.  A  Manual  of  DLs.<iectioiu.  Revised  br  A. 
Hkwson,m.d.,  Demonstrator  of  Anatomy,  Jefferson  Medical  College, 
Philadelphia.  330  handsome  Illustrations.  7th  Edition.  In  two 
compact  ismo  Volumes.  B50  Pages.  Large  New  Type.  Jmst  Xead^. 
Vol.  I.  Scalp— Face— Orbit— Neck— Throat— Thorax— Upper  Ex- 
tremity. $<<50 
Vol  II.  Abdomen— Perineum— Lower  Extremity— Brain — Eye- 
Ear — Mammary  Gland — Scrotum — Testes.  $>'5o 

HOLDBN.  Human  Osteology.  Comprising  a  Description  of  the 
Bones,  with  Colored  Delineations  ol  the  Attachments  of  ine  Miuctes. 
The  General  and  Microscopical  Structure  of  Bone  and  its  Develop- 
ment.   With  Lithographic  Plates  and  numerous  lUtia.   8th  Ed.     $5.85 

HOLDEN.     Landmarks.     Medical  and  Surgical.    4tb  Ed.  .75 

HUGHES  AND  KEITH.  Dissections.  With  a  large  number  ot 
L'otored  and  other  Illustrations.     In  three  Parts: 

[,  lk)pcr  And  Lower  Extremity.  ftut  Rt^v.    $3.00 

II,  Abdomen — Thorax.  Jmtt  ftf%\ar.    fj.oo 

in.  Head— Neck— Central  Nervous  System.        Just  R*Ady.     |j.oo 

MACALISTER.  Human  Anatomy.  Srsiematic  and  Topograoh- 
ical.     B16  Illustratloiu.  Cloth,  $5.00:  I.«mther,  |6.aa 

McMURRICH.     Embryology.     270  IlliLsirAlions.  Im  Prttt. 

MARSHALL.  Physiological  Diagrams.  Eleven  Ltfe-Siie 
Colored  Diagrams  (each  seven  feet  by  three  feet  seven  inches). 
Designed  for  Demonstration  before  the  Class. 

In  Sheets,  Unmounted,  $40.00;  Backed  with  Muslin  and  Mounted 
on  Rollers,  $6000;  Ditto,  Spring  Rollers,  in  Handsome  Walnut  WoU 
Map  Case,  $100.00;  Single  Plates — Sheets,  $$.00 ;  Mounted.  $7.50 
Explanatory  Key,  .50.     Pmrth^urr'  mmxt  f^y  frgigkt  ck^rgtt . 

Ml  NOT.     Embryology.     Ittuntrolcd.  Prtpttring. 

POTTER.  Compeod  of  Anatomy,  Including  Visceral  Anatomy. 
6th  E4I.     i6Lith.  Plates  and  117  other  llltis.     .So:  Interleaved,  $1.00 

WILSON,    ABatomjr.    11th  EdlUoo.    499  lUus.,  t6  Plates.     $5.00 
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BRAIN  AND  INSANITY  (see  also 
Nervous  Diseases). 

BLACKBURN.  A  Maoual  of  Autopiias.  Deaiiped  for  ihe  Uh 
of  Hospitals  for  the  InKane  and  other  Public  Itutituuoiu.  Tea  fiilt- 
pagc  Plales  and  other  lUustratioos.  f>'>5 

CHASE.     General  Paresis.     Illustrated.  Niarlj  RtaJy. 

DERCUM.      Mental   Therapeutics,    Rest,   Suggestion.      Stt 

LohfH,  Physic. ogit  Tkfr.tprutics,  P-ige  13, 

OORDINIER.  The  Gross  and  Minute  Anatomy  of  the  Central 
Nervous  Systein.     With  full-p.^ge  and  other  Illustrations.      |i6.oo 

HORSLBY.  The  Brata  and  Spinal  Cord.  The  Structure  and 
Functions  of.     Numerous  lUuscrationA.  9s-5o 

IRELAND.    The  Mental  AITectiona  of  Children,    ad  Ed.    Koo 

LEWIS  (BEVAN).  Mental  Diseases.  A  Teal-Book  Having 
Bpcciat  Reference  to  the  Pathological  Aspects  of  lu&anlty.  26  Litho- 
graphic Plates  and  other  Illustrations,     atl  Ed.  f7-oo 

MANN.     Manual  of  Psychological  Medicine.  I3.00 

PERSHING.  Diagnosis  of  Nervous  and  Mental  Disease. 
illustrated  ft.as 

REGIS.  Mental  Medicine.  Authorized  Traoalatioa  by  U.  M. 
Bannistkr,  h.o.  |a.oo 

SCHOFIELD.    The  Force  of  Mind.  Im  Prrit. 

SHUTTLEWORTH.     Mentally  Deficient  Chlldreo.  fi.jo 

STEARNS.  Mental  Diseases.  With  a  Digest  of  Laws  Relating 
to  Care  of  insane.     Illustrated.  Clotn,  |a. 75;  Sheep,  13.15 

TUKB.  Dictionary  ot  Psychological  Medidae.  Giving  the 
Definition,  Etymology,  and  Symptoms  of  the  Terms  used  in  Medical 
Psychology,  with  the  bymptoms,  Patholoiry,  and  Treatment  of  (he 
Recogniied  Forms  of  Mental  Disorders.    Two  volumes.  |to.oo 

WOOD,  H.  C.    Braio  and  Overwork.  .40 

CHEMISTRY  AND  TECHNOLOGY. 

S^eciai  CMAiofU*  0/  Chemical  Boaks  s*mi  fr«9  upon  appluMitn. 
ALl'BN.    Commercial   Oripaoic    Analysis.     A  Treatiie  on  the 

Modes  of  Assaying  ibc  Vanous  Organic  ChemicaU  and  Products 

SmptoTcd  in  the  Aru.  Manufactures,  Medicine,  etc.,  with  coociss 

metnoos  for  the  Detection  ol  Impurities,  AdutteniiioaK,  etc.    Bto. 

Vol.  1.  AlcohoU,  Neutral  Alcoholic  Derivatives,  etc..  Ethen,  Veg- 
etable Acid*,  Starch,  Bugam.  etc.     3d  Kdition.  $4*50 

Vol.  II.  Part  I.  Fixed  UiU  and  Fats,  Glycerol,  txptosives,  etc. 
}d  Edition.  #3-50 

Vol.  I L,  Part  U.  Hvdrocarboa«,  Mineral  Oils.  Lubrtcanu,  BtMenes, 
Naphthalenes  and  Derivative*.  Creosote.  Phenols, etc.  3d  Ed.  %\.}fi 

Vol.  11,  Part  111.  Tcrpeno,  Esaential  Oils,  Resins,  Camphont.  etc. 
3d  Edition.  Prtfarimg. 

Vol.  Ill,  Part  1  Tannins,  Dyes  and  Coloring  Matters.  3d  Edition. 
Enlarged  and  Rewritten.     Illiutrated.  f4*50 

Vol.  Ill,  Pan  11.  The  Amines.  Hydratines  and  Derivatives, 
Pyridine  Bases.  The  Antipyretics^  etc.  Vegetable  Alkaloids,  Tea. 
Coffee,  Cocoa,  etc    8vo.    »d  Edition.  #4  S^ 

Vol.  III.  Part  III.  Vegetable  Alkaloids,  NoD-Ba^ic  Vegetable  Utiier 
Principles.  Animal  Ttases,  Animal  Acids.  Cyanogen  Compouncb, 
etc.    3d  Edition.  8vo-  f«*SO 

Vol.  IV.    The  Pmteids  and  AJbumiooiu  Principles,     sd  Ed.      $4.50 

BAILEY  AND  CADY.     Qualitative  Chemical  Aoslysls.    lii^s 
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BARTLBY.    Medical    and    Pharmaceutlcai    Chemlitfy.     A 

Texl-Book  for  Medical,  Dental,  and  PhartnaceuliCitl  Sttidenu.    With 
niustntioiu.  Glossary,  and  Complete  Index,     jth  Edition.         ^3.00 

HARTLEY.  Clinical  CbemUtry.  The  Examination  of  Feces, 
Saliva,  Gastric  Juice,  Milk,  and  Urine.  |i.do 

BLOXAM.  Cbemiatry,  Inorganic  and  Organic  With  Experl- 
menu.     9th  Ed.,  Revised,     aftt  EnKraviogs.  Frtjutrimg. 

BUNGE.  Phyiiiologic  and  Pathologic  Chemistry.  Krom  the 
Fourth  German  Knlargcd  Kdition.     just  Ready.  f3.co 

CALDWELL.  Elementa  o(  Qtialttauve  and  Quantitative 
Chemical  Analyaia.     3d  Edition,  Revised.  fi.oa 

CAMERON.    Oila  and  Varniahei.    With  Illustntions.  fi'S 

CAMERON.     Soap  and  Candlea.    54  Illustrations. 

CLOWES  AND  COLEMAN.      Quantitative  Analyaia. 
Edition.     132  Illustrations. 

COBLENTZ.    Volumetric  Analyaia.    Illustrated. 

CONGOON.     Laboratory   Initructions  in  Chemiatry. 
Numerous  I'ablcs  and  56  lUiLslrationft. 

OARDNER,  The  Brewer,  Oiatiller,  and  Wine  Manufac- 
turer.    Illustrated.  ('.50 

GRAY.  Physics.  Volume  I.  Dynamics  and  Properties  of  Mailer. 
ISO  Illustrations.  ^.y> 

GROVES  AND  THORP,    Chemical  Technology.    The  Appli- 
cation of   Chemistry   to  the   Arts  and   Manufactures, 
Vol.  I.  Fud  and  lu  Applications.     607  Illustrations  and  4  Pktles. 

Cloth,  fs.oo;  ViMar.,|A.5o 
Vol.11.    Lighting.     Illustrated.  ao<h,|4.oo;  y,Vkot.,%i.%o 

Vol.  III.  Gas  Lighting.  Cloth,  ^3. 50;   M  Mor.,L.5o 

Vol.  IV.   Klectric  Lignting.     Photometry.  In  Pma, 

HEUSLER.     1  he  Tcrpcnes.    Juit  RtaJy.  t*  •^o 

HOLLAND.  The  Urine,  the  Gastric  Contents,  the  Commoa 
Poisons,  and  the  Milk.  Memoranda,  Chemical  and  Microscopi- 
cal, for  Laboratory  Use.     6th  Ed.     Illustrated  and  interleaved,  f  i.(x> 

LBFFMANN.  Compend  of  Medical  Chemistry,  Inorganic 
and  Organic.     4lh  Edition,  Revised.  .80;  Interleaved,  fi.oo 

LBPPMANN.      Analvals  of   Milk   and   Milk    Producta.     id 
Edition,  Enlarged,     llhistralcd.  f>.a5 

LEFPMANN,  Water  Analyaia,  For  SanlUry  and  Technic  Pur- 
poses.    Illustrated.    4th  Edition.  fs.ss 

LEFFMANN.  Structural  Formulc  Including  ilo  Structural 
and  .Stcrco-Chemical  Formulae,     lamo.     Interleavca.  Cl.oo 

LEFFMANN  AND  BEAM.  Select  Methods  In  Food  Analy- 
sis.    Illustrated  ^  )o 

MUTER.  Practical  and  Analytical  Cbemiatry.  ad  American 
from  the  Eighth  F.nglt».h  Edition.  Revised  to  meet  the  requiremenu 
of  American  Students.     56  llhistrulions.  $l.*i 

OBTTEL,    Exercises  in  Electro-Cbemistry.    Illtistraied.       .75 

OBTTEL.     Electro-Chemical  Experiments.     Illustrated.         .75 

RICHTER.  Inorganic  Chemistry,  sih  American  from  loth  Car- 
man Edition.  Authorired  translation  by  EoGAK  F.  SMITtt,  H.*., 
PH.D.     H9  Illustrations  and  a  Colored  Plate.  |s. 7S 

RICHTER.  Organic  Chemistry.  3d  American  Edition.  Traiu. 
from  the  8tli  German  by  EtK;AR  F.  SutTH.  lUtutraled.  a  Volumes. 
Vol.    I.    Aliphatic  Senes.    6as  P<^S^'  f3>oD 

Vol.  II.   Carbocydic  Series.    671  Pages.  Hs-^a 


SUBJECT  CATALOGUX. 


ROCKWOOD.    Chemical  Analyaii  for  Students  of  Medicloe, 

Dentistry,  and  Pharmacy.     Illiutrated.  ft. 5a 

SMITH.     Electro-Chemical  Analysis,    id  Ed.    al  IIIus.       fiij 

SMITH  AND  KELLER.     Experiments.    Arnmfed  lor  StudenU 

in  General  Chemi&try.     4th  Edition.     Illustrated  .60 

SUTTON.    Volumetric  Analysis.     A  Sysiunalic  Handbook  (ex 

the  (Quantitative  Estitnation  of  Chemical  Substances  by   Mcaattre, 

Applied  to  Liquids,  Solids,  and  Gases.      8th  Edition,  Revised,     tis 

MIustr;ilions.  IS-oo 

SYMONDS.    Manual  of  Chemistry.    >d  Edition.  fs.oo 

TRAUBE.    Physico-Chemical  Methods.   Translated  by  Hardin. 

97  llluiitratioiu.  f**50 

THRESH.    Water  and  Water  Supplies.    3d  Edition.  $ajx> 

ULZBR  AND  FRAENKEL.    Chemical  Technical  Analyais. 

l'ran^l.itcd  by  hleck.     Illustrated.  St-'i 

WOODY.    Essentials    ol    Chemistry    and    Urinalysis.     4th 

Edition.     Illustrated.  ft  50 


CHILDREN. 

CAUTLBY.     Feeding  of  Infants  snd  Young  Children  by  Nat> 

ural  and  Artiflcial  Methods.  fa.oo 

HALE.    On  the  MaoaKement  of  Children.  .je 

HATFIELD.  Compend  of  Disesses  of  Children.  With  s 
Colored  Plate,     ad  iLaition.  .80,-    Interleaved.  |i. 00 

IRELAND.  The  Mental  Affections  of  Children.  Idiocy, 
imbecility.  Insanity,  etc.    3d  Edition.  f4.oo 

POWER.  Surgical  Disesses  of  Children  and  thair  Treat- 
ment by  Modern  Methods,     Illustrated.  #s.5o 

SHUTTLEWORTH.  Mentally  Deficient  Children.  New 
Edition.  ft -50 

STARR.  The  Difestive  Organs  In  Childhood,  llie  Diseases  at 
the  Digestive  Organs  in  Infancy  and  Childhood.  3d  Edition,  Rewrtl- 
ten  and  Enlarged.     Illustrated.  #3-00 

STARR.  Hygiene  of  the  Nursery.  Including  the  General  Regi- 
men and  Feeding  of  Infants  and  Children,  and  the  Domestic  Manage- 
ment of  the  Ordinary  Emergencies  of  Earty  Life,  Massage,  etc.  6tb 
Edition.     15  lihistrations.  ft. 00 

SMITH.     Wasting  Disesses  of  Children.    6lh  Edition.        fa.oo 

TAYLOR  AND  WELLS.  The  Diseases  of  Children,  sd  Edi- 
tion, Revised  and  Enlaigeil.     Ulusuated.     Bvo.  #4-50 

DIAGNOSIS. 

BROWN.  MedlcBl  Diapiosi*.  A  Manual  of  Cinlcal  Mcthoda. 
4th  Kdliion.     Ill  llliuitnitiont.  Cloth, ^.95 

DA  COSTA.  Clinical  Hematolocy.  A  Practical  Guide  10  Exam- 
ination of  Blood.  6  Colored  P1ate.«.  48  other  IUi»trat{ons.  Jmtl 
Rfady.  Cloth,  ^5.00;  Sheep,  f6  00 

EMERY.  Bacteriological  Diagnoaia.  3  Cotored  Pbtca  and  3a 
other  lllu»traiioiia.    Ju3t  Rta4y.  fi-5o 

MBMMINOER.  DiacDoala  by  the  Uriaa.  ad  Ed.  a4llhu.l1.00 


MEDICAL  BOOKS. 


PERSHING 

ll)u.siraicd. 


STEELL. 


DUgnosii  of  Nervous  and   Mental   Diaeatei. 
Physical  Signs  of  Pulmonary  Disease.  I'-^S 


TYSON.  Hand-Book  of  Physical  Diaeaosls.  For  Students  and 
PhvMciflns.  By  the  Prorcuor  of  Clinical  Medicine  in  the  Univenitv 
of  Pennsylvania.  Illu&.  ith  Ed.,  Improved  and  Enlarged.  With 
Two  Colored  and  55  other  lUuitrations.  |i-SO 


DENTISTRY. 

S^ectai  Cata/ofud  0f  DtnttU  Bwckt  a*nt  /rt*  a/#«  »^^lkmH»m^ 

BARRETT.  Dental  Surgery  for  General  Practitioners  aod 
Students  of  Medicine  and  Dentistry.  Extraction  of  Teeth, 
etc.     3d  Edition,     llliutrated.  ^1.00 

BROOMELL.    Anatomy  and  Histology  of  the  Human  Mouth 

and  Teeth.     Second  Edition,  Revised  and  Enlarged.       330  H.4iid< 
some  Illustrations.  I^-So 

FILLEBROWN.  A  Text-Book  of  Operative  Dentistry. 
Written  by  inviUtion  of  the  National  Auociatiou  of  Dental  Facul- 
ties.    lUustmted.  #>.*S 

QOROAS.  Dental  Medldoe.  A  Manual  of  Materia  Medics  and 
Therapeutics.    7th  Edition.  Cloth.  ^,00;  Sheep,  ^5.00 

GORGAS.    Questions  aod  Answers  for  the  Dental  Student. 

Embracing  all  ihe  subjccl&  )n  the  Curriculum  of  the  Dental  Student. 
Octavo.  $6.00 

HARRIS.  Principles  and  Practice  of  Dentlatry.  Including 
Anatomy,  Physiology,  Pathology,  Therapcuticn,  Dental  Surgery, 
and  Mechanism,     i^lh  Edition.     Revised  by  F.  J.  S.  Gorga»,  M.o.t 

Cloth,  ^.00:  Leather,  P7.00 


D.D^.     1750   Iltustratlons. 


HARRIS.  Dictionary  of  Deatlstry.  Including  Definition*  of  Such 
Words  and  Phra.<teKofthe  Collateral  Sciences  as  Pertain  to  the  Art  and 
Practice  of  Dentistry.  6tb  Edition.  Revised  and  Enlarged  by  Kmi- 
oiNAND  F.  S.  GoncAS,  M.D.f  O.D.5.         Cloth,  |s.oo  ;  Leather,  |£.oo 

RICHARDSON.  Mechanical  Dentistry.  7th  Edition.  Thor- 
oughly Revised  and  Enlarged  by  Dn.  Geo.  W.  Wahmbn.  691  Illuv 
irations.  Cloth,  ^500;  Leather,  ^.00 

SMITH.     Dental  Metallurgy.     Illustrated.  I1.75 

TAFT.    Index  of  Dental  Periodical  Literature.  ^t.oo 

TOMES.     Dental  Anatomy.    Human  and  Comparmtlve.    963  Illus- 
trations.    5th  Edition.  f4>oo 
TOMES.     Dental  Surgery.     4th  Edition.     189  Illustrations.     I4.00 

WARREN.  Compend  of  Dental  Pathology  and  Dental  Medi- 
cine.    With  a  Chapter  on  Emergencies.     3d  Edition.     Uliutralcd. 

.80:  Interleaved,  |i.t5 

WARREN.  Dental  Prostheals  and  Metallurgy.  i«9  01*   #■  'S 
WHITE.     The  Mouth  and  Teeth.     Illustrated.  .40 
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DICTIONARIES  AND  CYCLOPEDIAS 

OOULD.  The  Illustrated  Dictiooary  ol  Medicine,  Biology 
and  Allied  Sciences.  Being  an  Exhaustive  Lexicon  ol  Medicme 
and  thou  Sciences  Collatersil  to  it:  Biology  (Zoology  and  Bouny), 
ChemtstrY,  Dcntiiitry,  Paimacology,  Microscopy,  etc..  with  oiany 
uiefiil  I'able*  and  numerous  6ne  Illustrations.  1033  pages,  jth  Ka. 
Sheep  or  Half  Morocco,  ^10.00  :  with  Thumb  Index, |ii.oo 
Half  Kusjta,  Thumb  Index,  |ii.co 

OOULD.  The  Medical  Student's  Dictionary,  ttth  Editioo. 
Illustrated.  Including  all  the  Words  and  Phraser  Generally  Used 
inMedicine,  with  their  Proper  Pronunciation  and  Definition.  Based 
on  Recent  Medical  Literature  With  Table  of  Kponymic  Terms  and 
Tests  and  TaMes  of  the  Bacilli,  Micrococci,  Mineral  Springs,  etc.. 
of  the  Arteries,  Muscles,  Nerve«,  Ganglia,  Plexuses,  etc.  xith  Edi- 
tion. Enlarged  and  illustrated  with  a  large  number  of  Engravings. 
840  pages.  Half  Morocco,  f  2. ;o;  with  Thumb  Index,  JI3  00 

OOULD.  The  Pocket  Pronouncing  Medical  Lexicon.  4th  Edi- 
tion. (10,000  Medical  Words  Pronotmced  and  Defined.)  Containing 
all  the  Words,  their  Definition  and  Pronunci.ition,  that  the  Medical. 
Dental,  or  Pnarmaceutical  Student  Generally  Comes  in  Contact 
With  :  also  Elaborate  Tables  of  Eponymic  Terms,  Arteries,  Muscles, 
Nerves,  Bacilli,  etc..  etc.,  a  Dose  List  in  both  English  and  Metric 
Svstems,  etc.  Arranged  in  a  Most  Convenient  Korra  lor  Reference  and 
Nlemoriiing.  Fourth  Edition,  Revised  and  Enlarged.  83B 
pages.  Full  Limp  Leather,  Gilt  Edges,  fi.oo  ;  Thumb  Index.  $1  35 
130,000  Copies  of  Gould's  Dictionaries  Have  Been  Sold. 

OOULD  AND  PYLE.  Cyclopedia  of  Practical  Medicine  and 
Surgery.  Seventy -two  Special  Contributors,  illustrated. 
One  Volume.  A  ConcKC  Reference  Handbook  of  Medicine, 
Surgery,  Obstetrics,  Materia  Mcdica, Therapeutics,  and  the  Various 
Specialties,  with  Particular  Kefrrcnce  to  Diagnosis  and  Treatment. 
Compiled  under  the  Editorial  Supervision  of  GBOHGa  M.  Got;t.D, 
M  D.,  Author  of  "An  Illustrated  Dictionary  of  Medicine,"  e'C; 
and  Waltkk  L.  Pvls,  m.d.,  A^istant  Surgeon  Wilts  Eye 
Hospital :  formerly  Editor  "  International  Medical  Magazine/*  etc.. 
and  Seventy-two  Special  Contributors.  With  many  lllustratinns. 
Large  Square  8vo.  to  correspond  with  Gould's  "  Illustrated  Dic- 
tionary. Full  Sheep  or  Half  Mor  .iio.oo:  with  Thumb  Index, |ti.oo 
Hall  Kuisia,  Thumb  Index.  |is.oo  net. 

OOULD  AND  PYLB.  Pocket  Cyclopedia  of  Medicine  and 
Surgery,  (l^sed  upon  above  book  and  uniform  in  size  with  "  Gould's 
pocket  l>ictionary. 

Full  I  imp  Leather   GUt  Cdi:cs.  |i. 00,  with  Thumb  Index,  f  1.75 

HARRIS.  Dictiooary  of  Dentistrv.  Including  Definitions  ol  Such 
Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art 
and  Practice  of  Dentistry.  6th  Edition.  Revised  and  Enlarged  by 
Fbrdihakd  j.  S.  GoRGAS.  M.D..  D.D.S.   Cloth.  Ij.oo;  Leather.  |6.oo 

LONOLEY.     Pocket  Medical  Dictionary.  Ooth.  .75 

MAXWELL.  Terminologia  Medica  PoIygloUa.  By  Dr. 
THaoDoaa  Maxwill,  Assisted  by  Others.  ^3-oa 

The  object  of  this  work  is  to  assist  the  medical  men  ot  any  nationality 

la   reading   medical  literature   written   in  a  language  not   their  own. 

Each  term  is  usually  given  in  seven  languages,  vis. :  English,  French, 

German.  Italian,  Spanish,  Russian,  and  I^^tin. 

TREVES  AND  LANO.    Qermaa-EagUsh  Medical  Dictiooanr. 

HaUCair.li.ts 


MXDICAL  BOOKS. 


EAR  (see  mlBO  Throat  and  Nose). 

BURNETT.    Hearing  and  How  to  Keep  It.    Illustratetl.         .40 

DALBY.      Oiaeaaei  and  Injurlea  of  the  Ear,    4th  Edition.     38 

Wood  Engravings  and  8  Colored  Plates.  |a-5o 

HOVBLL.  Diieasei  ol  the  Ear  and  Naio-Ptaarynx.  Includ- 
ing Aratomy  and  Phyniology  of  the  Organ,  together  with  the  Treat- 
ment of  the  Affections  of  the  Nose  and  Pharynx  which  Conduce  to 
Aural  Diieate.     I>8  Illustrationt.     id  Edition.  f5-50 

PRITCHARD.  Diaeaaea  of  the  Bar.  3d  Edition,  Enlarged. 
Many  llluitrattoot  and  Formulae.  ft. 50 


ELECTRICITY. 


BIOBLOW.  Plain  Talka  on  Medical  Electricity  and  Bat- 
teries. With  a  Therapeutic  Index  and  a  Glossary.  43  llluatra- 
Uons.     ad  Edition.  |i.oo 

HEDLEY.  Therapeutic  Electricity  and  Practical  Muacle 
Teating.    qo  Illustrations.  fa.50 

Illuitraled.     Sre    CaMtH, 
117  lUus.  (3.00 


JACOBY.     Electrotherapy.     1    Vols. 

Physiologic  TktrA^eutus  y  pagt  12, 
JONES.   Medical  Electricity.  3d  EdiUon 


EYE, 

A  S^tcial  Circular  4/  Bcckx  on  tht  Eyt  >«nt  fnt  tt^an  a^pikaiUm. 

DONDERS.  The  Nature  and  Conaequeocea  of  Anomaltea  ol 
Refraction.     With  Portrait  and  Itlu&trationi.     H^lf  Morocco,  f  1.35 

PICK.  Diieaaea  of  the  Bye  and  Ophthalmoicopy.  Trans- 
btcd  by  A.  B.  Hali,  m.  d.  157  lUustratiorui,  many  o{  which  are  in 
colors,  and  a  glossary.  Cloth,  ^.jo;  Sheep,  ^.50 

QOULD  AND  PYLB.  Compead  of  Diaeaaea  of  the  Bye  and 
Refraction.  Including  TrcatmcDt  and  Operations  and  a  Section 
on  Local  Therapeutics.  With  Fortnula:,  U»eful  Tallies,  a  Glouary, 
and  tii  lUus.,  several  of  which  aj-e  id  colon,     ad  Edition.  Revised. 

Cloth.. 80:  Interleaved,  |ij3o 

QREEPF.  The  Microacopic  Ex«mlnation  of  the  Eye.  Illus- 
trated. $1*5 

HARLAN.    Eyeiight,  aod  How  to  Care  for  It.     Iltus.  .40 

HARTRIDGE.  Refraction.  104  Illustrations  and  Teat  Type*. 
titb   Edition,  Enlarged.  f>-50 

HARTRIDOB.  On  the  Ophthalmoacopc.  4th  Edition.  With 
4  Colored  Plates  and  68  Wood-cuts.  |i.5<i 

HANSBLL  AND  REBER.    Muscular  AnomaUea  ot  the  Eye. 

Illu-^irated.  |i'50 

HANSELL  AND  BELL.  Cllalcal  Ophthalmology.  Colored 
Plate  of  Normal  Fundus  and  tao  Illustrations.  |i-5o 

JENNINGS.  Manual  of  Ophthaltnoacopy.  95  Illustratioos  and 
I  Colored  Plate.  f>'50 
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MORTON.     Refraction  of  the  Bye.     lU  DUfootls  and  the  Cor- 
rection of  iu  Erron.     6th  Editioa.  ^i.oo 

OHLBMANN.    OcuUr  Therapeutics.    Aulhoriicd  TrauUtlon, 
and  Edited  by  Dr.  Charlu  A.  Uiovut.  ^i-TS 

PARSONS.    Elementary  Ophthalmic  Optica.    With  Diagnm- 
mktic  Illustralionc  ^.tx) 


PHILLIPS.     Spectacle!  and  Bveclai 
and  Adjustment,     ad  Edition.      49  lUustn 


_  iaaaea. 
Uustnitioiu 


Their  PrctcripdoD 
fi.oo 


8WANZY.  Dlaeaaea  of  the  Sye  and  Their  Treatment.  7th 
Edition,  Revised  uid  Enlarged.  164  lUustrations,  1  Plain  Plate, 
and  a  Zephyr  Test  Cud.  $^io 

J^Vem  The  Medical  News, 

"Swanry  has  succeeded  in  producing  the  most  intellectually  cnn- 
ceivcd  ano  thoroughly  executed  risumi  of  the  »cience  wjthfn  the 
limits  he  has  ansiKned  himvelf  As  a  'students'  handbook,'  «niaU 
in  tice  and  of  moderate  iiricc,  it  can  hardly  be  equaled." 


THORINGTON.    Retinoacopy 

Illustrated. 


4th  Edition.    Carefully  Revised, 
f  1.00 

THORINGTON.    Refraction  and  How  to  Refract,    aoo  Illustra- 
tions, 13  of  which  are  Colored,     sd  Edition.  f  s*So 

WALKER.      Studenta*  Aid  in  Ophthalmology.     Colored  Plata 
and  40  other  UluAtratiotu  and  Glossary.  #>-50 

WRIGHT.    Ophthalmolon^.    ad  Edition,  RevUed  and  Ealarsed. 
117  lUustrations  and  a  Glossary.  f3-<M> 


FEVERS. 


aOODALL  AND  WASHBOURN. 
meat.    lUustnted. 


Feven  «nd  Their  Treat- 


HEART. 

THORNB.    The  Schott  Method!  of  the  Treetmeot  of  ChroDlc 
Heart  Dlieeee.     Fourth  Edition.     Illuslraled.  Niarly  Rtadf. 


HISTOLOGY. 

CUSHING.  Compend  of  Hiatolocv.  By  H.  H  Cusitiitc.  m.d.. 
Dcmoa^trator  of  Hislolog^,  Jefferson  MedioU  College,  PhiUdelphijk. 
Illustrated.     Ntarly  Rfoay.  .80;  Interleaved,  |i.oq 


STIRLING.    Outlinaa  of  Practical  Hlatolofv 

td  Edition.  Revised  and  Enlarged.     With  new  iTlusUatioiu. 


368  lUuAtratioot. 
fa. 00 


STOHR.  Hietology  and  Mlcrotcoolcal  Anatomy.  Edited  by 
A.  ScHAFan,  «.n. ,  I'nivcrsiiy  '.f  l(re«iaii,  formerly  L>cmonstrator  o( 
Histolcgy,  Harvard  Medical  school.  Fourth  American  from  9th  G«r- 
nan  EoiUoq.  Revited  and  Kniarged.     379  lUofttratloni.  f)*aB 


MEDICAL  BOOKS. 


HYGIENE  AND  WATER  ANALYSIS. 

S^tcial  Oitaiogm  of  Bookt  on  Hygtint  Mtnt  frit  uf  on  application. 

CANFIELD.  Hygiene  of  the  Sick-Room.  A  Book  for  Nuna 
and  Othen.  Being  a  Brief  Consideration  of  AAcpsis,  Antisepiiii,  Dis- 
infection, BiicterioTogy,  Immunity.  Heating,  Ventilation, etc.      fi.as 

CONN.    Agricultural  Bacteriology.     Illusirated.  t^v 

CQPLtN.  Practical  Hygiene.  A  Compleu  Anvericaa Teat-Book. 
138  Illustration*.     New  Edition.  Prtparing. 

HARTSHORNS.    Our  Home*.     Illustrated.  .40 

KENWOOD.  Public  Health  Uaboratory  Work.  si6  IDuitra- 
tions  and  3  Plates.  fa.ao 

LEPFMANN.  Select  Methods  in  Pood  AnatysU.  sj  Illiuira- 
tions  and  4  Plutcs.  I'.SO 

LEFPMANN.  Examination  ot  Water  for  Sanitary  and 
Technical  Purposes.     4th  lulitiou.    Illustrated.  Ii-as 

LEFFMANN.    Analysis  of  Milk  and  Milk  Products.     Illus- 

»-»5 


trated.    Second  Edition. 
LINCOLN,    School  and  Industrial  Hygiene. 
McFARLANO.     Prophylaxis  and  Personal  Hygiene. 

the  Sick.     See  Coktn,  Fhysiottgic  TherafeuticitPa^e  12, 
NOTTBR.    The  Theory  and  Practice  of  Hygiene. 

and  138  other  Illustrations.     8vo.     3d  Edition. 

PARKES.    Hygiene  and  Public  Health.    By  Louis  C 

M.D.     6th  Edition.     Enlarged.    Illustrated. 
PARKES.    Popular  Hygiene,     llie  Elements  ol  Health. 

for  Lay  Readers.    Illustrated. 
R09ENAU.     Disinfection  and  Oislnfectanta. 


•40 
Careol 

15  Plates 

I7.00 

Parkel, 
li.oo 

A  Book 
tt.ss 


Illustrated. 
If  early  Ready. 

STARR.  The  Hygiene  of  the  Nursery.  Including  the  General 
Re^men  and  Feeding  of  Infants  and  Children,  and  the  Domestic 
Management  of  the  Ordinary  Emergencies  of  Elarly  Life,  Massage, 
etc     6th  Edition.     95  Illustrationa.  |l.ao 

STEVENSON  AND  MURPHY.  A  Treatise  on  Hygiene.  By 
Various   Authora.     In    Three    Octave   Volumes.     Illustrated. 

Vol.  I,  f6  00:  Vol.  ll,|«oo:  Vol  III,fj.oa 
*«*  Each  Volume  sold  separately.   Special  Circular  upon  application. 

3d  Edition. 


THRESH.     Water  and  Water  Supplies. 


|a.oo 


WILSON.    Hand-Book    of  Hygiene  and  Sanitary    Science. 

With  Illustrations.     8th  Edition.  fj.oo 

WKYL.    Sanitary  Relations  of  the  Coal-Tar  Colora.    Author- 

ixed  Traiulation  by  Hkxry  Lsfshahn,  h.u.,  ph.o.  $>.S5 


LUNGS  AND  PLEURiE. 

KNOPF.      Pulmonary   Tuberculosis.     Its   Modem   Prophylaxis 
and  Treatment  in  Special  Institutions  and  at  Home.     Illus.        ^3  00 

STEELL.    Physical  Signs  of  Pulmonary  Disease.  lUus.  |f  .15 
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MASSAGE— PHYSICAL  EXERCISE. 

OSTROM.  Mataage  and  the  Original  Swedish  Move- 
menta.  Tlicir  Application  to  Various  Diseases  of  the  Body.  A 
MaDuat  for  Students,  Nurses,  and  Pliyiiicians.  Fourth  Edition.  En- 
larged.    to5  llluvtrjtioni.,  many  of  which  are  originaL  It.oo 

MITCHELL  AND  OULICK.  Mechanotherapy.  Phyaicul 
EducatioD,  etc.  UliiiitrTiicd.  S^€  Cck*M,  FAjriiWif^tc  TMrrti^w 
tict.  Maui. 

TREVES.    Phyaical  Education.    Its  Value,  Methods,  etc,        .75 

WARD.     Notes  od  Maasage.     Interleaved.  Paper  coTcr.^i.oo 


MATERIA 


MEDICA    AND 
PEUTICS. 


THERA- 


BIDDL.B.  Materia  Medica  and  Therapeutlca.  Including  Doae 
Lixt,  Dietary  for  the  Sick,  Table  of  Panuitc*,  and  Memormnda  of 
New  Krmcdies.  13th  Edition*  Revised.  64  Illustratioos  and  a 
Clinical  Index.  Cloth,  ^00 ;  Sheep,  f  5.00 

BRACKEN.    Outlinei  of  Materia  Medica  and  Pharmacology,    fa.75 


COBLENTZ.    The  Newer  Remediea.    Including  their  Synonyms, 
"     '      '       '   Preparation,  Tests,  Solubihti         " 
od  Revised. 

ologlc  Therapeutics.   Methot 
Giving  useful  m  the  T'reventiun  of  Ui^ea.-.e  and  in  the    1  reatmenl  ot 


Sources,   Methods  of  Preparation,  Tests,  Solubihties,   Doses,  etc. 
3d  Edition,  Enlarged  and  Revised.  fi.oo 

COHEN.    Physiologic  Therapeutics.   Method*  other  than  Drug- 


thc    Sick.       Mechanotherapy,    Mental     I'hcrapcutici,    Sug 


F.lcctrotherapy.    Climatology,     Hydtotherapy,     Hneutnatotherapy, 
"'        '         Organotherapy,     Phototherapy, 


UK£C9U0n, 

toinerapy, 

ProphylaaU.     Dietetics,    Organotherapy,     Phototherapy,    Mineral 

Water*.  Baths,  etc.     11  Volumes,  Octavo.     Illustrated.     i.9uStcr^ 

tUm)  Cloth. 127,50;  }4  mor-.fjS.so 

■^tciai  Dftcri^tipf  Circuiar  tirUl  b*  stmt  u/^n  a^piieatian. 

DAVIS.    Materia  Medica  and  Prescription  Writing.       $t.y> 

OOROA8.  Dental  Medicine.  A  Manual  of  Materia  Medka  and 
Therapeutics.     7th  Edition,  Revised.  |4-oo 

GROPF.  Materia  Medtca  for  Nurses,  with  questions  for  Self- Exam- 
ination,    ad  Edifion.  Revised  and  Improved.  In  Prett, 

HELLER.  Easentials  of  Materia  Medlcn,  Pharmacy,  and 
Prescription  Writing.  I1.50 

MAYS.    Theioa  (n  tht  Traatnant  of  Neuralgia.    %  bound,  .90 

POTTER.  Hand-Book  of  Materia  Medica.  Pharmacy,  and 
Therapeutics,  including  the  Action  of  Medicines,  Special  Therapeu- 
tics, Pharmacology,  etc.,  including  over  600  Prvscripiioni  and  For- 
mule.     8lb  Edition,  Revise^l  and  Enlarged.     With  Thumb  Index  i 


each  copy 

Com 
Prescription  Writini 

cal  Action  o(  1 
MURRAY.     Rough  Notes  on  Remediea 


Cloth, I5.00;  Sheep,  |f>.oo 


POTTER.     Compend  of  Materia  Medka,  Therapeutlca.  and 
■     I  Writing.  ,'•''■'--  

cal  Action  o(  Drugs      '>tn  Edtlinn 


with  Special  Reference  to  the  Physiologi* 

**  "  '  .80:  Interleaved,  ft.oo 

4th  Editiou.  fi.ss 


HKDICAL  BOOKS. 
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8AYRB.    Organic  Muteria  M«dlc«  and  Phanoftcocnovy.    An 

Introduction  to  the  Study  of  the  VejEctaMe  Kingdom  and  the  Vege- 
table and  Anitnat  Dntgs.  Compriting  the  Botanical  and  Physical 
Characteristics.  Source,  Constituents,  and  Pharmacopeial  Prepara- 
tions, Insects  Injurious  to  Dru^x,  and  Pharmacal  Botany.  With 
sections  on  Histology  and  Microtechnique,  by  W,  C.  SxrvBiw. 
374  lllastrations,  many  of  which  are  original,     ad  Edition. 

Goth.  $4.50 


TAVERA.    Medicinal  Plants  of  the  Pfailippinea. 


fa.oD 


WHITE  AND  WILCOX.    Materia  Medlca,  Pharmacy.  Phar- 

macology,  and  Therapeutics,  sth  American  Edition.  Revised  by 
Rktnolu  W.  Wiurox.  m.a.,  h.d.,  li^d.,  Profesior  of  Clinical 
Medicine  and  Therapeutics  at  the  New  York  Poat-Graduate  Medical 
School.  Cloth,  13,00;  Leather,  $3.50 

"  The  care  with  which  Dr.  Wilcox  has  performed  his  work  it  con- 
spicuous on  every  page,  and  it  is  evident  tnat  no  recent  drug  possess- 
ing any  merit  has  e*K:apcd  his  eye.  Wc  believe,  on  the  whole,  this  is 
the  best  book  on  Materia  Medica  and  Therapeutics  10  place  in  the 
hands  of  students,  and  the  practitioner  will  find  it  a  most  satisfactory 
work  for  daily  use."—  Tkd  Cltveland  Medkai  GatttU. 


MEDICAL    JURISPRUDENCE     AND 
TOXICOLOGY. 

RBESS.  Medical  jurisprudence  and  Toxicology.  A  Teat- Book 
for  Medical  and  Lecal  Practitioners  and  Students.  5th  Edition. 
Revised  by  Hbhry  Lbfpmann,  h.d.       OD..f3.oo;  Leather,  $3.50 

"  To  the  student  of  medical  jurisprudence  and  toxicology  U  is  liw 
valuable,  as  it  is  concise,  clear,  and  thorough  in  every  respect."^  7%< 
American  Joumai  o/tke  Medical  Scirmct*. 

MANN.     Forensic  Medicine  and  Toxicology.    Illui.  |6.so 

TANNER.  Memoranda  of  Poisons.  Their  Antidotes  and  TesU. 
Sth  Edition,  by  Dk.  Hsmry  Lsfpmann.  .75 


MICROSCOPY. 


CARPENTER.     The  Microscope  and    Its    Revelations.    Sth 

Edition,  Revised  and  Enlarged       817  Illustrations  and   93    Plates. 
Clotn,  ^.00  :  Half  Morocco,  19.00 

LEE.  The  Microtomlst'a  Vade  Mecam.  A  Hand-Book  ol 
Methods  of  Microscopical  Anatomy.  ^87  Articles.  5th  Edition, 
Enlarged.  ^-oa 

REEVES.  Medical  Microscopy,  Including  Chaplen  on  Bacteri- 
ology, Neoplasms.  Urinary  Examination,  etc.  Numerous  lUtis- 
trations,  some  ol  which  are  printed  in  colon.  fs-Sn 

WETHERED.  Medical  Microscopy.  A  Guide  to  the  Use  of  the 
Microscope  in  Practical  Medicine.     100  Illustrations.  ^.00 


u 


SUBJECT  CATALOOUX. 


MISCELLANEOUS 


BERRY.     Diaeaau  of  Thyroid  Gland.    Illiisimtd.  t*.<» 

BURNETT.    Foods  and  Dietarle*.    A  Minual  of  Clinical  Diei- 

eticft.    2d  Edition.  Il-jo 

BUXTON.    Aneithetic*.     lUtutnied.    3d  Kdidoa.  I1.50 

COHEN,  Organotherapy.  Sii  Cnhen,  Phytitlugic  Thtrmfnlia 
/aj-c  ia. 

DAVIS.    DIetotherapy.     Food  In  Health  and  Diaeaae.    With 
Tables  of   I.)ict,iric«,     Kelutive   Value   of  Foodk,  clc.     St*   OA/«,  j 
Physiolaf^c  J  hrraptutict ,  /a^i  12. 

OOULD.     Borderland    Studies.     MlKcllaneoiu  Addraascs 
E&«a>*s.     umo.  fe-oo 

QREENE.  Medical  Examination  for  Life  loauraocc.  Illus- 
trated.    With  Colored  and  other  Engravingv.  $4.00 

HAIO.    Causation  of  Diaeaae  by  Uric  Acid.    The  Paiholofy  ofl 
High  Arterial  Tension,  Headache,  Epilepsy,  Gout,    Rheumallsn 
Diabcteft,  Hnght'*  Diftease.eic.     sihEdition.  f3-oo 

HAIO.  Diet  and  Food.  Considered  in  Relation  to  Strength  and 
Power  of  Endurance.     3d  Edition.  fi.eo 

HENRY.    A  Practical  Treatise  on  Anemia.         Hall  Cloib,  .js 

L.EPFMANN.    Food  Analysis,    lllustraieil.  fi.jo 

NEW  SYDENHAM  SOCIETY'S  PUBLICATIONS.  Circtilan 
upon  application.  Per  Anniun,  |8.oo 

OSQOOD.    The  Winter  and  Its  Dangers.  ,40 

PACKARD.     Sea  Airand  SeaBathinf;.  .40 

RICHARDSON.    Long  Life  and  How  to  Reach  It.  .40 

ST.  CLAIR.     Medical  Latin.  fi.oo 

TISSIER.     Pneumatotherapy.    Stt  Cnhrn.Phytioltfic  Thtntpn- 

tics,  f'igf  11. 
TURNBULL.    ArtlRcial  Aoestheala.     <ih  Edition.    Illua.   la.jo 
WEBER    AND     HINSDALE.       Climatology    and     Health 
Resorts.      Including    Minernl   Springs.     >    Vols.     Illusfratcl    with 
Cvlo'ed  Map*,     iitt  Ctkin,  Fhysii'li^gic  TkfrAfiHtics,p^[tl2, 

WILSON.    The  Summer  and  Its  Dlseaaea.  ,40 

WINTERNITZ.  Hydrotherapy,  Thermotherapy,  Photo- 
therapy, Mineral  Waters.  Baths,  etc.  Illustrated.  Sn  Cshin, 
Pk]ftw^e£ic  Thtr^f-tHtiti ,  /ttg*  t3. 


NERVOUS  DISEASES. 


DERCUM.      Reit,   Suggettioo,    Mental    Therapeutlca.     5>/ 

Cfihfn,  I'kytuu'oi^  ic  1  her Aptuttct ,  fa^t  //. 

OORDINIBR.  Th«  OroM  and  Mioutt  ADAlomy  of  the  Caa- 
tral  Ncrvout  Syitem.  With  ■i^^  original  Colored  and  other 
Illutiraiioni.  Cloth,  %&  oo;  Sheep,  ^7.00 

OOWSRS.    Syphilia  and  tba  Narvoua  Syatan.  fi.aa 


MEDICAL  BOOKS. 


OOWBR8.    ManoKl  of  Diseave*  of  th«  Nervous  Syateni.    A 
Complete  Text-Book.     Revised,  Enlarged,  and  in  mmny  parts  Re- 
written.    With  many  new  Illustrations.     Two  volumes. 
Vol.  I.    Diseases  of  the  Nerves  and  Spinal  Cord.    3d  Edltiob,  En* 

Larnd.  Cloth, $4.00;  Sheep,  II5. 00 

Vol.  ll.    Diseases  of    the  Brain  and  Cranial  Nerves:   General  and 

Functional  Disease,    ad  Edition.  Cloth.  ^.00 ;  Sheep,  I5.00 

QOWTERS.  EptlepBy  ftfid  Other  Chroaic  Convulsive  Diseases. 

id  Edition.  l3>oo 

HOR8LEY.     The   Brain   and   Spinal  Cord.    The  Structure  and 

Functions  of.    Numerous  Illustrations.  $^-i° 

ORMEROD.    Diseases  ol  the  Nervous  System.    66  Wood  En- 
(ravings.  $t  .00 

PERSHING.     Diagnosis  of  Nervous  and  Mental  Diseases. 

lUustiated.  #i-35 

PRESTON.    Hysteria  and  Certain  Allied  Conditions.    Their 

Nature  and  Treatment.     Illustrated.  ^.00 

WOOD.    Brain  W^ork  and  Overwork.  .40 


NURSING  (see  also  Massage). 

social  GttalofUf  of  Bcokt  fer  Nnrata  xtni  frtt  m^<nt  a^pUcoHam. 

CANFIELD.  Hygiene  of  the  Sick-Room.  A  Book  (or  Nurses  and 
Others.  Bcine  a  Briel  Consideration  ol  Asepsis,  Antisepsis,  Disinfec- 
tion. BactcrioTogy,  Immunity,  Heuiing  and  Ventilation,  and  Kindred 
Subjects  for  the  Use  of  Nurses  and  Other  Intelligent  Women.     %t.%% 

CUFF.    Lectures  to  Nurses  00  Medicine. 

DAVIS.     Bandaging. 

Iltusirations. 


Ils    Principles    and   Practice. 


I 


DOMVILLB.    Manual  for  Nurses  and  Others  Enraged  in  At- 
tending the  Sick.   9th  Edition.  With  Recipes  for  Sick-room  Cook- 
ery, etc.  /•  Frut, 
PULLERTON.    Obstetric  Nursing.    41  IIU.    5th  Ed.         fi.oo 
FULLERTON.     Surgical    Nursing.    3d  Kd-    69  Clb.  |i.oo 

OROFF.  Materia  Medica  for  Nurecs.  Wiih  Questions  for  Self-Ex- 
aminalion.     ad  Edition,  Revised  and  Improveu.  tn  Prtst. 

HADLEV.  General,  Medical,  sod  Surgical  Nursing.  A  very 
Complete  Manual,  Including  Stck-Room  Cookery,  /tut  RiAdy.  |i.9S 

HUMPHREY.  A  Manual  for  Nurses.  Including  Geoer^ 
Anatomy  and  Physiology,  Management  of  the  Sick  Koom,  etc. 
S3d  Edition.     79  Illustrations.  |i.oa 

STARR,  The  Hygiene  of  the  Nursery.  Including  the  General 
Re^men  and  Fecoing  of  Infants  and  Children,  and  the  Domestic  Man- 
agement of  the  Ordinary  Emergencies  of  Early  Lite,  Massage,  etc.  6lh 
Edition,     as  Illustrations.  |t.oo 

TEMPERATURE  AND  CLINICAU  CHARTS.    Sec  page  6. 

VOSWINKBL.    Surgical   Nursing. 
xia  lUusCrations. 


1« 


SUBJECT  CATALOGUK. 


OBSTETRICS. 

CAZBAUX  AND  TARNIBR.  Midwifery.  Wlih  Appmilli  by 
MuHot.  The  Theory  >o<l  Practice  of  OInletrics,  including  the  Dis- 
eows  ol  PregnjiDCT  and  PartuHtiOD,  Obstetrical  Operalioos,  etc, 
Sth  KdilioD.  lUiutrated  by  Colored  and  other  (iill-page  P1atc«,  and 
numerous  Wood  Engravings.  Cloth,  ^.50;  Full  Leather,  15.50 

EDGAR.  Text-Book  of  Obitetrici.  tiy  J.  Cufton  Edcah, 
M  o..  Profosor  of  ONttelricH,  Medical  iJepartmcnt  of  Coracll 
Univcnity,  New  Yutic  City.     Elaborately  Illustrated,  JnPrftt. 

FULLERTON.   Obttetric  Nuninf.     sih  Ed.    lUuamted.   fi.oo 

L.ANDIS.  Compend  of  Obstetric*.  7lh  Edition,  RcTlsed  br  Wh, 
H.  WRLL.S,  Dcmonktrator  ol  Clinic-il  Obstetrics,  Jeflenao  Medical 
College.     5a  lUustratiou!^.  .80  ;  Interleaved.  $t. 00 

WINCKEL.  Text-Book  of  Obstetric*,  Including  the  Psthol- 
o^y  and  Therapeutics  of  the  Puerperal  State,    Illus.    |5a> 


PATHOLOGY. 

BARLOW.    Ceneral  Pathology,    795  pages.    8vo.  fs/w 

BLACK.     Micro-Organiama.     The  Formation  of  Poisons.  .75 

BLACKBURN.    Autopsies.     A  Manual  of  Autopsies  Daigned  (or 

the  Use  ot  Hospitals  for  the  lasane  and  other  Public  liutitutioiu. 

Ten  full-page  Plates  and  other  Illustrations.  I>-S5 

CONN.    Agricultural  Bacteriology.    Illustrated.  fa.5a 

COPLIN.  Manual  of  Pathology.  Including  Bacteriology, Technic 

of  Posl-Mortems,  Methods  of  Pathologic  Research,  etc.    330  lllua- 

trations,  7  Colored  Plates.     3d  Edition.  Is.SO 

DA  COSTA.    Clinical  Hetnatology.     A  Practical  Guide  lu  the 

£xamin;ition  of  the  Blood.     Sis  Colored  Plates  and  48  Illiislratlons. 

/xj/ A'».>rfr.  Cloth,  tj. 00;  Sheep,  16, 00 

EMERY.    Bacteriological  Diagnosis,    a  Colored  Plates  and  31 

other  Illustrations.    Jmtt  Rtatiy.  f>>90 

HEWLETT.    Manual  of  Bacteriology.  7s  lllusttation*.    Second 

Kdiliori,  Kevise*!  .iful  Enl..TgeJ.  In  Prttt. 

ROBERTS.   Gynecological  Pathology.    Illustrated.  |fi.oo 

THAYER.       Compend    of    Ocneral    Pathology.       lUustialed. 

Just  Rta*ty     .80;  Interleaved,  ^i.co 

THAYER.    Compend  of  Special  Pathology.     Illustrated. 

Jml  Rtttdy.  .Bo:  Interleaved,  ft  ,00 
VIRCHOW,  Post-Mortem  Ezatninations.  id  Edition.  .75 
WHITACRE.     Laboratory  Text-Book  of   Pathology.     With 

1x1  lUiLstrations.  ft-50 

WILLIAMS.    Bacteriology.    A  Manual  for  Studenu.    90  Itlus- 

irations.    sd  Edition,  Revised.  fi.50 


PHARMACY. 

social  Cat^cgut  tt  Bookt  m  Pharmaty  ml  frit  K/mt  a///itfilttm. 

COBLENTZ.  Mannal  of  Pharmacy.  A  CompleU  Teat-Book 
by  the  Professor  io  the  Mew  York  College  of  Pharmacy.  *d  Edition, 
Revised  and  Enlarged.  437  Illus.  Cloth,  I3. 50;  Sheep,  f 4. 50 

COBLENTZ,    Volumetric  Analysis.    lUiistraied.  |i.a5 


MKDICAL  BOOKS. 


IT 


BBASLBY.  Book  of  3100  Preicriptioaa.  Collected  from  the 
Practice  of  the  Most  ELmineot  Phy^iciatu  and  Surseoiu — Englub, 
French,  and  AmericaD.  A  Compcadious  History  o(  the  Materia 
Medtca,  Lists  of  the  Doses  of  all  ine  Officinal  and  EAUblUhed  Pre- 
parations, au  I^dcxof  Diseases  and  Kheir  Remedies.     7th  Ed.     fi.oo 

BBASLBY.  Drueeista'  General  Receipt  Book.  ComprisinK 
a  Copious  Veterinary  Forniulary,  Recipes  in  Patent  and  Propheury 
Medicines.  Druggists'  Noiitrunu,  etc.  ;  Perfumery  and  Cosmetics, 
Beveniees,  Dietetic  Articles  and  Condiments,  Trade  Chemicals, 
Scienlinc  Processes,  and  many  Useful  Tables.     10th  Ed.  ^.00 

BBASLBY.  Pharmttccutical  Formulary.  A  Synopsis  of  the 
British,  French,  German,  and  United  States  rharmacopoctas.  Com- 
prising Standard  and  Approved  Formulc  for  the  Preparatioiu  and 
Compounds  Employed  in  Medicine.     j2th  Edition.  ^.00 

PROCTOR.  Practical  Pharmacjr.  id  Edition,  with  Illustrations 
and  Elaborate  Tables  ol  Chemical  Solubdities.  etc.  l3-oo 

ROBINSON.     Latin  Grammar  of  Pharmacy  aad  Medlciaa. 

3d  Edition,     with  elaborate  Vocabularies.  $'7l 

8AYRB.    Organic  Materia  Medica  and  Pharmacognoay.    An 

Introduction  to  the  Study  of  the  Vegetitble  Kinsdom  and  the  Vege- 
uble  and  Animal  Drugs.  Comprising  the  Botanical  and  Physical 
Characteristics,  Source,  Constituents,  and  Pharmacopeial  Prepar- 
atioiu, Insects  Injurious  to  Drugs,  and  Parmacal  Botany.  With 
sections  on  Histology  and  Microtechnique,  by  W.  C.  bravKKS. 
374  IlliL^iratioQS.     Second  Edition.  Cloth,  ^.50 

8COV1LLB.  The  Art  of  Compounding.  Second  Edition,  Re 
vised  and  Enlarged.  Cloth,  ^.50 

STBWART.  Compend  of  Pharmacy.  Based  upon  "  Reming- 
ton's I'ext-Boolc  of  Pharmacy."  5th  Edition,  Revised  in  Accord- 
ance with  the  U.  S.  Pbarmacopceia,  1S90.  Complete  Tables  ol 
Metric  and  English  Weighu  and  Measures.     .80;    Interleaved,  $1.00 

TAVBRA.     Medicinal  Planta  of  the  Philippinea.  $3.00 

UNITED  STATES  PH  ARM  aC5pCBIA.  jtb  Decennial  Revision. 
Cloth,  ^3.50  (postpaid,  ^.77) ;  Sheep,  |;i.oo  (postp.Tid,  13.37) .  Inter- 
leaved, f^-oo  (postpaid.  ^.50):  Printed  on  one  side  of  page  only, 
unbounii,  f^.^o  (postpaid,  $^<)o). 

Select  Tablea  from  the  U.  S.  P.     Being  Nine  of  the  Most  Impor- 
tant and  Useful  1  ables,  Printed  on  Separate  Sheets.  .«$ 

POTTER.  Hand-Book  of  Materia  Medica,  Pharmacy,  and 
Therapeutica.    600  Prescriptions.    Bth  Ed.    Clo.,|5.oo:  Sh..|6.oo 


PHYSIOLOGY. 


BIRCH.  Practical  Phyaiology.  An  ElemenUry  Class  Book. 
6a  Ilhistrations.  |t-75 

BRUBAKBR.  Compend  ot  Phyaiology.  loth  Edition,  Revised 
and  Enlarged.     Illustrated  .80;   Interleaved,  $1.00 

JONES.    Outlinea  of  Physiology.     96  Illustrations.  I1.50 

KXRKES.  Handbook  of  Phvaiology.  17th  Authorized  Edition. 
Revued,  Rearranged,  and  Enlarged.  Bv  Paor.  W.  D.  HALLiatia- 
TON.  of  Kings  College,  London.  681  Illustrations,  some  ol  which 
are  in  colors.  Cloth,  S3.00;  Leather,  1(3.75 
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SVBJXCT  CATALOOVX. 


LANDOIS.    A   Text-Book    of  Hainan   Physiology.  TncludiogJ 
Histology  and  Microscopical  Anatomy,  with  Special   Reference  t^J 
the   Requirements  of  Practical  Medicine.     5th  American,  translated 
from  the   lj<.t  German    Edition,  with  Additions  by  Wh.  Stirliko, 
M.o.D.sc      845  lllu*..  many  of  which  are  printed  in  colore.    /«/>/«. 

STARLING.     Element!  of  Human  Phyiiology.     looItU.    fi.oo 

STIRLING.  Outlines  of  Practical  PhyBlology.  Including 
Chemical  and  EKperiroentx)  Physiology,  witn  Special  Reference  to 
Practical  Medicine.     3d  Edition.     989  lllu<itnitionji.  $a.ao 

TYSON.    Cell  Doctrine.     Its  History  and  Present  Sute.        |r.$o 


PRACTICE. 

BBALB.    On  Slight  Ailcneots:  their  Nature  and  Treatmeai. 

ad  Edition,  Enlarged  and  llliu^tntted.  ^'i 

FAGGE.     Practice  of  Medicine.      4th    Edition,  by   P.   H.    Pvr- 

SuiTH.MD.     a  Volumes.  Vol.  l,|6oo:  Vo\.  l\,  />*  Prrjt. 

FOWLER.      Dictionary   of   Practical    Medicine.      By  various 

writers.  An  Encyclopirdia  of  Medicine  Clo.J^.oo;  HalfMor  ^4.00^ 
GOULD  AND  PVLE.  Cyclopedia  of  Practical  Medicine  aod| 
Surgery.  A  Concise  Reference  Handbook,  with  particular  Refer- 
ence to  Diafj^nosifi  and  Treatment.  Edited  by  Dks  Gould  and 
Pyls,  As«isted  by  ji  Special  Contributor*.  ll)u<«irated,one  volume- 
Lanie  Square  Octavo,  Uniform  with  "  Gould'*  ll)ii«trated  Diclton- 
ory."  Sheep  or  Half  Mor.,  ^lo  00;  with  T'humb  Index,  fit. 00 

Half  R(iK<>ia,  I'humb  Index,  |i>  00 
49*  Cffm//ftf  /ffscri/itftf  circmtar  fret  u^an  npf^HcAtien. 
GOULD  AND  PYLE'S  Pocket  Cyclopedia  of  Medicine  and 
Surgery.     Ba»ed   ufion    the   above   and    Uniform    with    "  Gould'ft 
Pocket  Uiclionarv  *' 

FuU  Limp  Leather,  Gilt  Edges,  Round  Corners.  |i.oo 
With  I'humb  lnde«,5t  %% 
HUOHBS.    Compend  of  the  Practlc*  of  Medicine.    6tfa  Ediiioo, 
Revised  and  Enlarsed. 

Part  I.     Continvied,  Eruptive,  sod  Periodical  Fevers,  Dbeases  of  the 
Stomach,   Intestines,  Peritoneum,  Biliary    Passages,  Liver,  Kid* 
Dcys,  etc..  and  General  Diseases,  etc. 
Part  II.     Diseases  of, the  Respiratory  System,  Circulatory  Syitem, 
and  Nervous  Systeio;  Disease*  of  the  Blood,  etc. 

Price  of  each  part,  .80:  Interleaved.  $>  00 

Phyaicfan'a   Edition.      In  one  volume,  including  the  above  two 

parts,  s   Section  on  Skin    Diseases,  and  an  Index.     6th   Revised 

Edition.     6s5  pp.  rull  Morocco,  Gilt  Edge,  $1.15 

MURRAY.     Rough  Notes  on  Remedies.     4th  F^.  ^i.sj 

TAYLOR.     Practice  of  Medicine.    6th  Edition,  ^4.00 

TYSON.  The  Practice  of  Medicine.  By  Jambs  Ttsom.  m.d.. 
Professor  of  Medicine  in  the  University  of  Pennsylvania.  A  Com- 
plete Systematic  Text-book  with  Special  Reference  to  Diatinosis  and 
Treatment,  ad  Edition,  F-nUrged  and  Revised.  Colored  PLites  and 
IS}  other  Illustrations.     laig  Pages.       Cloth,  $3. $0;   Leather,  |6)o  - 

STOMACH,     INTESTINES. 

HBMMETER.  Diseasea  of  the  Stomach.  Their  SpccUt  P^ih- 
ology,  Diagnosin,  and  Treatment.  With  Sections  on  Anntomv, 
Analysis  i-if  Stomach  Contents,  Dietetics.  Surgery  of  the  Stomacn, 
etc.  3d  KJiiirtn.  Thoroughly  Revised  and  in  p.tru  RewiilKti.  With 
Colored  and  other  IlltutraCions.  Cloth,  f6.oo;  Sheep,  I7.00 
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HEMMETER.  Diieaaes  of  the  Intestines.  ThrirSpecial  Path- 
olof;)-,  I)ii<^nr>{tj<i,  atid  Treatment.  With  SectiotLi  on  Anatomy  aad 
Physiology,  Microscopic  and  Cliemic  K.xaminntion  of  Intestinal 
Contents  Secretions,  Fccca  and  Urine,  IntesttuMl  Bacteria  and 
Parasites,  Surgery  of  the  Intestines,  Uictctics,  I>isca«es  o(  the 
Rectum,  etc.  With  Full-page  Colored  Plates  and  many  other 
Original  Illustrations,     a  Volumes.     Octavo.     Just  Rtady. 

Price  of  each  Volume,  Cloth,  I5.00;  Sheep^  ^.00 

SKIN. 

BULKLBV.    The  Skin  in  Health  and  Disease.    IlluAtrated.    .40 

CROCKER.  Diseases  of  the  Skin.  Their  Description,  Pathol- 
offy,  Diagnosu,  and  Treatment,  with  Special  Reference  to  the  Skin 
Eruptions  of  Children.   92  Illus.   3d  Edition.  In  Prts$. 

SCHAMBERQ.  Diseases  of  the  Skin,  ad  Edition,  Revi«ed  and 
Enlarged.    105  lUiuirattons.    Being  No.  16  ?Quiz-Compendt  Series. 

Cloth.  .80;  Interleaved,  |i. 00 

VAN  HARLINOEN.  On  Skin  Diseases.  A  Practical  Manual 
of  DiagnosU  and  Treatment,  with  special  reference  to  DiflTerenttal 
Diagnosis.  3d  Edition,  Revised  and  Enlarged.  With  Kormulx 
and   60  Illustrations,  some  of  which  are  printed  in  colors.        fa. 75 

SURGERY  AND  SURGICAL  DIS- 
EASES (see  also  Urinary  Organs). 

BERRY.  Discasea  of  the  Thyroid  Gland  and  Their  Surgical 
Treatment.     Illii-'itr.-tted.  f4-00 

BUTLIN.  Operative  Surgery  of  Malicnant  Disease,  ad  Edi- 
tion.     Illustrated.     Octavo.  (4-50 

DAVIS.  Bandaging.  lu  Principles  and  Practice.  150  Original 
Illustrations.  Jh  Prtxt, 

DEAVER.  Surgical  Anstomy,  A  Treatise  on  Human  Anatomy 
in  il^  Applicalinti  10  Medicine  and  Surgery,  With  a)>oul  \tx>  s<rf 
Handsome  ftill-p.^gc  Illustration*  En^ravca  from  Original  Drawings 
made  by  special  Artists  from  Dissections  prepared  for  the  purpose. 
Three  Volumes.     Royal  Square  Octavo. 

Cloth,  ^1.00:  Half  Morocco  or  Sheep,  ^4.00;  Half  Russia,  f 37.00 
CcMifiele  descriptive  circular  and  sptciat  tertns  uf'on  applicatiitn. 

DEAVER,  Appendicitis,  Its  Symptoms,  Diagnosis,  Pathol- 
ogy, Treatment,  and  Complications.  Elaborately  Illustrated 
wiin  Colored  Plates  and  other  llhi*ttratiofUi.    3d  Edition.    Preparing. 

DULLES.  What  to  Do  First  la  Accidents  and  PoieoDing. 
5th  Edition.     New  Illustrations.  |i.oo 

FULLERTON.     Surgical  Nursing.    3d  Edition.    69  Illus.    |t.oo 

HAMILTON.     Lectures  on  Tumors.    3d  Edition.  $i.«5 

HEATH.  Minor  Surgery  aod  Bandaging,  tath  Edition.  Revised 
and  Enlarged.     195  llTus.,  Formulse,  Dtet  List,  etc.  fx>5o 

HEATH.  Clinical  Lectures  on  Surgical  Subjects.  Second 
Scries.  I^eArly  Ready. 

HORWITZ.  Compend  of  Surgery  aad  Bandaging,  Including 
Minor  Surgery,  Ampuutionf.  Fractures,  Dislocations,  Surgical  Dis- 
eases, etc.,  with  Dinerentinl  Diagnosis  and  Treatment.  5tn  Editioni 
very  much  Enlarged  and  Rearranged.    167  lUustratioos.t^  FonnulK. 

Cloth,  .80;  Interleaved,  |i. 00 


SUBJECT  C1.TALOOUK. 


JAC0B80N.    OpcratiODS    of   Surf  try.    4th  Edition,  Entarfcd. 

5>o  lUustrstiont.  Two  Volumei.  Cloth,  fio.oo;  Leather,  ^is.ott  ■ 
KEAY.  Medical  Treatmeot  of  Gall  Stones.  Jutt  H^ndv,  |t.>s  | 
KEHR.    Gall-stone  Diaeaae.   TnuuUted  by  Wiluah  Wcitkvms 

Srvmouk,  m.u.  $i-5o 

MAKINS.    Surgical  Experiences  la  South  Africa.    1899-1900. 

Illustrated.  f4.cio 

MAYLARD.    Surgery  of  the  Allmeotary  Canal.   97  lUtutrattoiu. 

3d  Edition,  Revised.  |3  00 

MOULLIN.    Text-Book  of  Surgery.    With  Special  Reference  to 

Treatmeot.     3d  American  Edition.     Kevited  and  editerl  by  Johm  B.  i 

Hamilton,  m.d.,  ll.u.,  Profcstor  of  the  Principles  of  Sun^cry  and  \ 

Clinical  Surgery,  Rush  Medical  College,  Chicago,    (n^  lllusirationaf  ' 

many  of  which  are  printed  in  colon.     Cloth,  ^.00:  Leather,  ^7.00 
SMITH.     Abdominal  Surgery.     Being  a  SvstemHtic  DeM'rtptton  of 

all  the  Principal  Operations.  294  Illui.  6th  Ed.  a  VoU.  Clo..  fio.oo  , 
VOSWINKEL.   Surgical  Nursing.   Second  Edition.  Revised  aadd 

Knlarged.     tti  Illustrations.  fi.ool 

WALSHAM.    Manual    of  Practical   Surgery.     7th  Ed..  Re-' 

vised  and  Enlarged.   483  Engravings.  950  pages.  fj-SO 


TEMPERATURE  CHARTS,  ETC. 

GRIFFITH.  Graphic  Clinical  Chart  for  Recording  Temper- 
ature, Respiration,  Pulae,  Day  of  Diaeaae.  Date,  Age,  Sex, 
Occupation,  Name,  etc.  Printed  in  three  colors.  Sample  copies 
free.  Put  up  in  loo»e  packages  of  fifty,  .50,  Price  to  Hospitals,  joo 
copies,  ^.cd:  1000  copies.  I?. <o. 

KEEN'S  CLINICAL  CHARTS.  Seven  Outline  Drawings  of  the 
Body,  on  which  may  be  marked  the  Course  of  Disease,  Practiiret, 
Operationii.  etc.  Each  Drawing  may  1>«  had  separately,  twenty-five 
to  pad,  as  cents. 

8CHRE1NBR.  Diet  Lista.  Arranged  in  the  form  of  a  chart. 
With  Pamphlets  of  Specimen  Dietaries,     Pads  of  jo.  .75 


THROAT  AND   NOSE  (see  also  E«r). 

COHBN.     The  Throat  and  Voice.     Illuslraled.  .,• 

HALL.  DUe.ae.  of  the  Na«e  aad  Throat.  a>l  Edition,  Enlarged, 
Two  Colorerf  Pl.-*lc«  and  80  II]titlration$.  ^.75 

HOLLOPETER.     Hay  Fever,     lu  SucccMfiil  Treatment-      ft.oo 

KNIOHT.  Diaeaaea  of  the  Throat.  A  Manual  for  Siudentj. 
Illustrated.  Starty  Rtatiy, 

LAKE.  Laryngeal  Phthiala,  or  Conaumption  of  the  Throat, 
Colored  lllii'tttalion^.  ^.00 

McBRIDE.  Diaeaaea  of  the  Throat,  Noae.  and  Bar.  With  col- 
ored Illustrations  from  onginal  drawing..    3d  Edition.  f7-(K> 

POTTER,  Speech  and  ita  Defecta,  Considered  Physiologically, 
Pathologically,  and  Retncdinlly.  tl.oo 

SHBILD.    Naaal  Obatructiona.    lUiuiiated.  }i,j« 


URINE  AND  URINARY  ORGANS. 

ACTON,  The  Functiona  and  Dlaorder*  of  tba  ReproducUva 
OrgaoB  In  Childhood,  Youth,  Adult  Age,  and  Advanced  Llfa, 
Cooaidercd  in  thetr  Pbytiological,  Social,  and  Morvl  Relaliona. 
Sth  Ediiioo.  fi.jS 


UIDICAL  BOOKS. 


» 


HOLLAND.  The  Urine,  the  Oaitrlc  Contents,  the  Common 
Poi9daa,  end  the  Milk.  Memonuida,  Chemical  and  Microscopi- 
cal, for  Laboratory  Use,  lUiutrated  and  Interleaved.    6th  Ed.    |t.oo 

KLEEN.    Diabetes  and  OlycoBuHft.  Ifl.50 

MEMMINQER.    Diagnosis  by  the  Urine,   ad  Ed.  24  Illu*.  |i.oo 

MORRIS.  Renal  Surgery,  with  Special  Keference  10  Stone  in  the 
Kidney  and  Ureter  and  to  the  Surgical  Treatment  of  Calculoas 
Anuria.     lUnstrated.  fa.oo. 

MOULLIN.  Bolergement  of  the  Prostate.  lu  Treatment  and 
Radical  Cure,     sd  EditiOD.     lUuitrated.  |>-7S 

MOULLIN.  Inflammation  of  the  BUdder  and  Urinary  Fever. 
Ucuvo.  |i-5o 

SCOTT.  The  Urine.  Its  Qinical  and  Microscopical  Examination. 
41  Lithographic  PUtc9  and  other  Illustrations.    Quarto.  Cloth,  |s.oo 

TYSON.  Guide  to  Examination  of  the  Urine.  For  the  Use  ol 
Physicians  and  Students.  With  Colored  Plate  and  Numerous  Illus- 
trations enKraved  on  ivood.  10th  Edition,  Revised,  Enlarged,  and 
partly  Rewritten.     With  New  llliisiration&.  lti>>S 

VAN   NUY8.    Chemical  Analysis  of  Urine.    39  lUus.        fi.oo 


VENEREAL  DISEASES. 

OOW^BRS.    Syphilis  and  the  Nervous  System.  f  i.oo 

STURQIS  AND  CABOT.     Student's    Manual    of  Venereal 

Diseases.     7th  Revised  and  Enlarged  Ed.     lamo.  $^-*S 


VETERINARY. 

BALLOU.    Veterinary  Anatomy  and  Pbysiolocy.    '9  Graphic 
lUuslrationi.  .80;  Interleaved,  ^i. 00 


I 


WOMEN,  DISEASES  OF. 

BISHOP.     Uterine  Ftbromyomata.    Their  Pathology,  Diagnosis, 
xnd  'rrealmenL.     lUustrutcd.  Cloth,  ^3.50 

BYFORD   (H.   T.).     Manual   of  Qynecolosy.    Second   Edition, 
Revised  and  Enlarged  by  100  pages.     341  Illustrations.  $3  eo 

DUHRSSEN.     A  Manual   of  Oynecoloflcal    Practice.     105 
Illustrations.  f>-5o 

PULLERTON.     Surgical   Nursine.     3d   Edition,   Revised  and 
Enlarged.     6g  lUustnittons.  fi.oo 

LEWERS.    Diseases  of  Women.    146  Itlus.    sth  Ed.  fa. 50 

MONTGOMERY.      Practical    Gynecology.     A  Complete  Sys- 
tematic Text-Book.    537  Illustrations.     Cloth,  I5.00;  Leather,  ^.00 

ROBERTS.      Gynecological    Pathology.      With   1^7   FulLpage 
Plates  containing  151  Figures.  $6.00 

WELLS.    Compend  of  Gynecology.    lUiutrated.    ad  Edition. 

.Bo;  Interleaved, |i .00 


SUBJICT  CATALOOUB. 


COMPENDS. 


Fi-ofn  The  SoutAem  CHnie. 

"  We  know  of  do  Krie«  of  books  luued  by  uy  bouse  that  so  fully 
meets  our  approval  as  these  TQuiz-Compeodsf.  They  are  well  ar- 
ranged, full,  and  concise,  and  are  really  the  best  line  ot  text-books  thai 
could  be  found  for  either  student  or  practitioner." 


BLAKISTON'S  PQUIZ-COMPENDS? 

The  Beit  Seriei  of  KantuJi  for  the  Ut«  of  Studenu. 
Prtc«  of  each.  Cloth,  .80.         Int«rleav«d,  (or  taking  Not«i,  $1.00. 

4E^  These  Compcnds  are  ba&ed  on  the  most  popular  tezt-boolu  , 
and  the  lectures  of  prominent  professors,  and  are  kept  constantly  r«*i 
vised,  so  that  they  may  thoroughly  represent  the  present  state  of  thtf^ 
subjects  upon  which  they  treat. 

t^  I'he  authors  have  had  larg«  experience  as  Quls-Masters  and 
attaches  of  colleges,  and  are  well  acqiuinied  with  the  wants  of  studentt. 

49"  They  are  arranged  in  the  most  approved  form,  thorough  aii 
concKc,  contAining  nc^irly  ioc»  llliutrations  and  lithograph  plates 
Inserted  wherever  they  could  be  used  to  advantage. 

4^  Can  be  used  by  students  of  any  college. 

4^  They  contain  iuforznation  nowhere  else  collected  ia  such  a 
condensed,  practical  shape.     Circular  fr««. 

No.  I.  POTTER  HUMAN  ANATOMY.  Sixth  Revised  and 
Enlarged  Edition.  Including  Visceral  Anatomy.  Can  be  u 
with  either  Morris's  or  Gray's  Anatomy.  117  Illustrations  and  s4 
Lithographic  Plates  of  Nerves  and  Arteries,  with  Explanalovyl 
Tables,  etc.  By  Samukl  O.  L.  Porraii,  m.d..  Professor  of  the 
Practice  of  Medicine,  College  of  Physicians  and  Surgeons,  San 
Francisco  ;  Brigade  Surgeon,  U.  S.  Vol. 

No.i.  HUGHES.  PRACTICE  OF  MEDICINE.  Parti.  Sixth 
Edition,  EciUreeiJ  and  Improved.  By  Danikl  E.  Huumks,  m.d., 
Physicinn-in-Cnicf,  PlnUuelphta  Hospital,  late  Demonstrator  of 
Clinical  Me<1icine,  JefTerson  Medical  College,  Phila. 

No.  3.  HUOHES.  PRACTICE  OF  MEDICINE.  Part  U. 
Sixth  Edition,  Revised  and  Improved.    Same  author  as  No.  *. 

No.  a.  BRUBAKER.  PHYSIOLOGY.  Tenth  Edition  with 
Illustrations  and  a  table  of  Physiological  Constants.  Enlarged 
and  Revised.  By  A.  P.  6ku»akxh,  m.d..  Professor  of  Phvsiot^gy 
and  General  Pathology  in  the  Pennsylvania  College  01  Deotiu 
Surgery;  Adjunct  Professor  of  Physiology,  Jefferson  Medical 
College.  Philadelphia,  etc. 

No  s.  LANDIS.  OBSTETRICS.  Seventh  Edition.  By  HiioitG. 
Lanuis.  m.d.  Revised  and  Edited  by  Wm.  H.  Wklls,  M.D., 
Demonntrator  of  Clinical  Obstetrics,  Jefferson  Medical  College, 
Philadelphia.     Enlarged.     53  Illustrations. 

No.  6.  POTTER.  MATERIA  MEDICA.  THERAPEUTICS, 
AND  PRESCRIPTION  WRITING.    Sixth  Revised  KdiUo« 

iU.  S.  P.  1B90).  By  SAVtfKL  O,  L.  Pottu.  m.d.,  ProCisaor  ol 
Practice,  College  of  Physicians  and  Surgeons*  San  FrmacUoo; 
Brigade  Surgeon,  U.  S.  Vol. 


?QUIZ-COMPENDS  ?— Continued. 
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No.  7.  WELLS.  QYNBCOLOOY.  Second  Edition.  ByWM.H. 
WB1.L5.  u  D.,  Ucmonniralor  of  Clinical  Obstetrics,  Jefferson 
Medical  College,  Philadelphia.     140  lUusirations. 

No.  8.  GOULD  AND  PYLE.  DISEASES  OF  THE  BYE 
AND  REFRACTION.  Second  Edition.  Including  Treatment 
and  Surfcery,  and  a  Section  on  Local  Therapieutics.  By  Gkorgb 
M.  Gould,  h.d.,  and  W.  L.  Pvlb,  m.u.  With  Formulae,  Glotstary 
Tables,  and  109  Illtutrations,  several  of  which  are  Colored. 

No.  9.  HORWITZ.  SURQBRY,  Minor  Surgery,  and  Bandag- 
ing. Fifth  Edition,  Enlarged  and  Improved.  Hy  Ur villi 
HoRWiTZ,  V.  s-,M.o., Clinical  Professor  ofGenito*Urinary  Surgery 
and  Venereal  Diseases  in  Jefferfon  Medical  College  ;  Surgeon  to 
Philadelphia  Hospital,  etc.    With  98  Formiilz  and  71  lllustralioiu. 

No.  to.  LEFFMANN.      MEDICAL    CHEMISTRY.      Pourtb 

Edition.  Including  Urinalysis,  Animal  Chemistry,  Chcmi.<(try  ol 
Milk,  Blood,  Tissues  the  Secretions, etc.  Bv  Hknrv  LBPfUAMK, 
M.O.,  Professor  of  Chemistry  in  the  Woman  «  MedicaJ  College  of 
Penna  ,  Pathological  Chemist,  JefTerson  Medical  College  Hospital. 
No.  II.  STEWART.  PHARMACY.  Fifth  Edition.  Based  upon 
Prof.  Remington's  Text-Book  of  Pharmacy.  By  F  E.  Stewart, 
M.D.,  PH. G..  late  Quis-Master  in  Pharmacy  and  Chemistry,  Phila- 
delphia College  ot  Pharmacy;  Lecturer  at  Jefferson  Medical 
College.     Carefully  revised  in  accordance  witlt  the  new  U.  S.  P. 

No.  xa.  BALLOU.  VETERINARY  ANATOMY  AND  PHY- 
SIOLOGY, llluatrated.  By  Wh.  K.  Ballou,  m.d.,  Professor 
of  Ec^uinc  Anatomy  at  New  York  College  of  Veterinary  Suff  eont ; 
Physician  to  Bcltevue  Dispensary,  etc.     ^9  graphic  lllustnitioiu 

No.  13.  WARREN.  DENTAL  PATHOLOGY  AND  DEN- 
TAL MEDICINE.  Third  Edition.  Illustrated.  Conuining 
a  Section  on  Emergencies.  By  Gso.  W.  Warrim,  dd.s.,  Chief 
ot  Clinical  Staff,  Pennsylvania  College  of  Dental  Surgery. 

No.  xa.  HATFIELD.  DISEASES  OF  CHILDREN.  Second 
Edition.  Colored  Plate.  By  Marci/s  P.  Hatpiild,  Profea- 
ftor  ot  Diseases  of  Children,  Chicago  Medical  College. 

No.  xs.  THAYER.   GENERAL  PATHOLOGY.   Bv  A.  E. 

1*HAYKR,  M.D. (Cornell  University  Meilicai  College.     Illustrated. 

No.  16.  SCHAMBERQ.  DISEASES  OF  THE  SKIN.  Second 
Edition.  Bv  Jay  F.  Schahhuu*,  m.d..  Professor  of  Diseases  of 
the  Skin,  PniUdelphia  Polyclinic.  Second  Edition,  Revised  and 
Enlarged.     105  handsome  Illustrations. 

No.  17.  CUSHING.  HISTOLOGY.  By  U.  H.  Cusiiino,  m  d.. 
Demonstrator  ol  Histology,  Jefferson  Medical  College,  Philadel- 
phia      Illustrated. 

No.  IB.  THAYER.  SPECIAL  PATHOLOGY.  lUosirated.  By 
same  Author  as  No.  1$. 


Price,  each.  Cloth,  .80. 


Interleaved,  lor  takioQ  Notes,  11.00. 


Careful  attention  has  been  given  to  the  construction  ol  each  sentence, 
and  while  the  books  will  be  found  to  contain  an  immense  amount  of 
knowledge  in  small  space,  they  will  likewise  be  found  easy  reading; 
there  is  no  stilted  repetition  of  words ;  the  style  is  clear,  lucid,  and  di«- 
tioct.  The  arrangement  of  subjects  is  systematic  and  thorough  ;  there 
la  a  raaaoD  for  evaiy  word.    They  comain  over  600  iUnstrationa 


THE  STANDARD  TEXT-BOOK 

MORRIS'  Anatomy 

SECOND  EDITION 

Rewritten.    Revued.    Improved 

VTTH  MANY  NEW  ILLUSTRATIONS 


Has  been  recommended  u  a  text-book  at  more  than 
seventy  of  the  most  promiuent  medical  schools  in  the  United 
Stales  and  Canada,  and  is  considered  by  all  anatomists  as  > 
standard  authority.  It  contains  many  features  of  special 
advantage  to  students.  A  complete  Textbook.  Edited  by 
Henry  Morris,  p.r.c.s.,  Surgeon  to,  and  Lecturer  on 
Anatomy  at,  Middlesex  Hospital,  assisted  by  J.  Bland 
Sutton,  p.r.c.s.,  J.  H.  Davies  Coi.lev,  f.r.cs.,  \Vm.  J. 
Walsham,  f.r.cs.,  U.  St.  John  Brooks,  m.d.,  R.  Mar- 
cits  Gu.NS",  F.R.CS.,  Arthur  Hensman,  f.r.cs.,  Frki- 
erick  Treves,  f.r.cs.,  William  Anderson,  f.r.cs., 
Prof.W.  11.  A.  Jacobson,  and  Arthur  Robinson,  m.r.c.s. 

Octavo.    With  790  llluitratloiu,  of  which  a  large  number 
art  printed  In  colon 

CLOTH.  $6.00;    LEATHER.  S7.00 


•'  The  evergrowing  popularity  of  the  book  with  teach- 
ers and  students  is  an  index  of  lis  value,  and  it  may  safely 
be  recommended  to  all  interested." — From  I'kt  Attduat 
Kecord,  New  York. 

"Of  all  the  textbooks  of  moderate  sire  on  humnn 
analnmy  in  llic  English  language,  Morris  is  undoublrdly 
the  most  up  to  dale  and  accurate." — From  The  PkiUtJet- 
phia  Mtilical  Journal. 

THUMB  INDEX  IN  EACH  COPY 


